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RESPONSES OF PLANTS TO ADDITIONS OF 
MANGANESE TO SOME OREGON SOILS^ 

Albert W. Marsh and Wilbur L. Powers^ 

P RELIMINARY field and pot trials in. Oregon have indicated 
that small applic^ations of soluble manganese salts may result 
in increased yield and quality of small fruits, vegetables, and seed 
crops. 

That small additions of a^ manganese salt will give increased: 
yields and qualit}^ of crops on certain soils was shown by Aso (2),*^ 
Voelcher (i6), Bertrand (3* 4), Skinner and Sullivan ( i^jaand Powers 
(1: i). McHargue (8, 9) proved that traces of manganese are .absolutely 
essential to the plant’s nutrition. In purified, culture solutions frti 
from manganese, plants would grow rionnally for only four or five 
weeks, then deteriofcite or fail to complete their life cycle. Various 
defieicnc-y symptoms reported as beiiig eauset.l I'.y a lack of avai!al:.>le 
raajiganese fiave been described by Willis (18), Samuel and Piper 
(1,2),: Parlcer, C'liapman, and South wick a.rid Sh.ernian and 

Ha,rnier (13). These diseases lia;ve usually been corrected by a.|:)ply“ 
ing soluble manganese compounds to the plant or soil. It was' for 
the. pur|:)o,se of further investigating the’ extent of need and the, 
effects of manganese . in some Oregon soils that this study was under- 
taken. 

EXPERIMENTAL 

, The, plan of experitnentation was to determine by greenhouse,- 
laboratory, and field tests if some, Oregon soils, suspected of man-, 
gaiiese deficiency, vrmld respond to manganese a,ddition,s as measured 
by increased crop . yield, what- the limits of application might be, 
and what,, the manganese level in the various plant partswvould.be 
tindcT the different treatments. 

klangaiu*SL‘ was detenninid ct>lt>rimetric'ally in |)lanl tnaieria! 
and soil i^xtracLs l>y the pcitassium perind.ate mc*tht)d of Willard 
and lh\‘athouse (ly), and the resulting color read in a Klclt-Sunitner- 

a.s lUipcr 415 willi the a])|)rove1 of the Diredor of 

tlie Clivgoa- Agricalti,!ral, Experiment Station..' Oregon State College, ,:CorvalHs,' 
On‘,, as a eontihution 03" the Soils Departmtmt. Refoivetl for jinhliriition |ul\' 10, 

'■ , ." . ■ . . ■ ' 

- Toiynerly R Assistant -in Soils, .now Ass,ista.nt Irrigation Engineer, 'said 

Soil Scientist, /respectively. : '"t. : t , 

"/Figures in parenthesis refer to “Literature Cited*', p. 7, 
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; SOB; ' ijilotoelectriu colorinieter 
■ Reagent ^ ^ l3]aD,k.s' ' were- c" 
iiatioris. Plant material w 
■ ;A\aulai?le iTiajigariese if 
the ■ waii:*r-Si:>]i.ibie and exc^ 
mmigmm: oxide was sliow 


■ tilile- manga nese have iMeii removed. Active niangariese is l;lie sum 
of', t'lie .mviter-solubfe; and exchangeable iiiangariese- pltis the- easi-Iv 

■ ivdticilile ' niaiiganic oxiife (14) Total niatigariesti ■ wa/s d,et.eriii!iKvi ' 
hj ati alhali' fusion followed by.tlie Vol,li;.ird titration. 'if iaige arrroiifits 
were present. For snialler a.i:iioiiTits tlie cid.oriiiietric nietliod. was used. 

INVESTIGATION'S WITH 'KLAf^lATH AN.D LABIS.K FEAT 

Preliniioary investigations bt'^- Powers (ti) i.iid.icated. that 'rrum- 
ganese improved 'tl'ie yiekl and crop quality when a,ppiied to 'pea.t 
lati-ci. Surface sainples of a basic tiile-sedge peat from. KJa!'na.t:fi arai 
a moderately a>cid wi.llow«‘Se<ige peat from La..ke '[.aibish wert' ob-- 
tallied and ■potted, in r-gallon glared jars s-^a tha.t 'tlierci were 2 S jars 
of e^-icli soil... -Tlie soils wcu'c' fertiliiva:! as sricma'] in Table .1. in groups 
of biur. Two grcnip-s wtav used iir give !:he NPK clieck. .All csccTit 
; the bhmk clieck received pure ' ch.ermca.!s’ iri solution equivalent to 
1^000 pounds tier acre of .t-'-is-S triiKtnre. Suga,r licets wc‘rc:i seecicci 
it'Vthrc'e’pois from wwli tW:Titmvut, was left fallow. After 

.geriTiiiiatiom -'tk* bt?ets were fliiuned to 'b'nir -per |vu: and growrn all. ■ 

Table i F frM a im ffiujtacoave rmkni sugar hifis 'grmAm ifi'Kimmib 
rimi iMbisk pmts in grmuiiinise.- 


Treatments 


Eiite 

|,jer acre» 


Tickb'- 


M a,uivu''ie;Ai cofi ten t 



i ' Ihs. 

1 .Average per ^ 
i jar* grams j 

^ ■ - i 

Relative to -' 

NPK, % 

■ 

Leaves, 

p.p.m.. 

Roo-ti 



Klamath Pei 

it 



.Blank 'check , , ,. , 

5 

1 184-7 i 

01.8 ■ 

52.7 

■23 .*5. 

NPiC check, , , 

m. 

i 204.0 ' 




NFK check. , . 

■ 

^ : 1C|S,2 j 

100,0 ■ 


' ' '20.3 

N'PIC', M'o.SC> 4 : . 

j- m- 

1 ; 

100.0 

■36.,2 

.- '22,3 

MPKr.MuSO*,.,-. 

\ . ' .: 40 : 

i 224 J ^ ? 

.1 12.0 

76,0 ■ ■ 

- :p 4 

■HFKf Mi-iSCh, . . 

f iic^ 

1 ' 235.7 1; 

'117.2 

161.5 -. 

. 34-2 

■MPKtMnSCb. ,t 

t' IbO ' 

j-' ^ -212.0 . ’ 1 

- 105.3 ^ 

^ - 

1 4 'n 7 



-PciU 




'Bltuk ctek . . , ,.. 

.;v- ■ ' .. 

k i 

■ ' ' 


7130' 

.M'PK eheck... '.„ . , 


1 : ^ 64.S . ! 




RFReheek,,,,.: 

■ ! .. ■.■ - ' 

B4.3 ' J. 

- , ' imm . i 

: : 

nk> , 

NFK:, MnSOi,-., 

■d ■ ^ TO '-■- 

j :.' 874 1- 

117.0 . - .i 

5 # 

m "■ 

':MFK,-AiriSG4,V'. 

.i - :4CI' ■ 

i B6.I 1 

f : 'i 

:' 5 SI 

164 ' 

'■M'FRtMBSChba. 


..if ... - v ^na,..: . f j - 

:'.■: 'V ; | 

■ m 

|-2t - 

■H-'P,K:,,„MtiS 04 :. , 


i 67J ! 

00.8 i 

: 667 

1172^- ■; 


■ ^laUstical ^ yieM data: Kltsmatll peat,: P :«■ . ;i.43i num'l^er rcc|tBr«Mi,ft«' mgidicancft 

"betwisetii means =»« 4gf.4 ^jrams. Labish imt, F «« 7.1,^; siftnitiestiice means « aS,© gttamri. 


3 


MARSH AND POWERS : MANGANESE 

winter in the greenhouse. When harvested they were topped, the 
roots weighed, and the parts dried for analysis. Table i shows the 
yield and manganese eontent of the beets. 

. On Klamath peat the yield rises slightly until: the i6o-pound 
treatment is reached, at which point it falls , oflE. On Labish peat 
slight increases resulted from the lo- and 40-pound applications, but 
a decrease resulted from the two larger treatments. The manganese 
content of the leaves and roots indicate that the Labish peat is much 
more abundantly supplied with available manganese than the Kla- 
math peat. 

The soil in the uncropped pots adjacent to the cropped jars was 
maintained approximately at field moisture capacity. Ten months 
after treatment, samples were taken from all fallow pots and analyzed 
for exchangeable and easily reducible manganese. Total manganese 
was determined on the check sample of each soil. These results, 
reported in Table 2, conform with those obtained by the previous 
analysis of the sugar beet leaves. They show that the slightly basic 
Klamath peat is low in both active and total manganese, while the 
acid Labish peat has an ample supply of active manganese as well 
as a relatively large total. The figures for active manganese show 
that with both soils, except the 40-pound application on Klamath 
peat, the greater part of the added manganese was fixed so that even 
the hydroquinone solution did not extract it. In treating these peat 
soils 1,000,000 pounds were used as the weight per acre. 


Table 2. — Comparison of exchangeable manganese and easily reducible 
matiganese in Klamaih and Lake Labish peats. 


1 

Treatment 

1 

Rate 
per acre, 
lbs. 

Excli. 

Mn, 

p.p.ni. 

Easify 
I'edixcible 
manganic 
Mn, p.p.m. 

Active 

Mn, 

p.p.ni.* 

Total 

Mn, 

p.p.m. 

Check.... 


Klamath I 
9.1 

^eat 

6.1 

15.2, ■ 1 

205 

NPK 

— 

4*8 

8.0 

12.8 

— __ 

NPK, MnS 04 ^ 

10 

5.6 

7.0 

12,6 . ! 

; ;■ ■■■ 

NPK, MnS04..,.. 

40 

26.9 

15*5 

42.4 

' — ■ 

NPK,'MnS 04 ..... 

80 

10.2 

■ . 1 

22.7 

— 

NPK, MnS 04 .. ...i 

160 

9^0 

■! 

'22.8 

— ^ 

Check, ........... 


Labish Pc 
17.0 

jat 

1 146 ■ 

163 

1.350 

NPK............. 

— 

21.0 

1 152 

173 



NPK, MnSG 4 , . 

10 

22.7 

! H 4 .■ 

167 

— •— 

NPK, MnS 04 .. ... 

40 

16.7 

1 157 

174 i 

— 

NPK, MnS 04 . . . ... 

80 

18.2 

1 

174 

— 

NPK, MnSCh.t . . . 

s '■ i6o„ 

194 

158 

177 

” 


"^Suni of the exchangeable and easily reducible manganese. Water-solnble manganese never 
exceeded a trace. 


INVESTIGATIONS WITH CLATSKANIE PEAT 

A moderately acid sedge muck from Clatskanie w-as potted in 
i-gallon glazed jars, each containing 1,640 grams of diy soil. This 
was fertilized with pure chemicals in solution as indicated in Table 3, 
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.except the Hiiie, which was applied as pure precipitatc'd chalk at the 
rate of 2 tons per acre. The NPK pots rei:eiveci oooo poiiiicls per acre 
of 4--12--8 plus 0.3 p.pjii. of boron. 

Table 3 . and yuaniinnesc content hcuns on Cintskanie 



h'- 

' in im fifeen house. 




Rate 

Average yield per t;ir i 

,lv! anganese con te!:it 

Treat meat 

Iter acre, 
lbs. 

■ 

. 

■Total diw 1 Relative to j 
matter | NPK, % \ 

.ti-eti v'.e;'L 
p.p.Bl. 

Beaiu. 

p.pmi. 



FCvit Crot>* 

S ,3 ' i 95.3 ' i 

1 66 

28,7 ■ 

N'PK, Ca. .3 . 



8,7 ICEKO i 


.29. .1 
. 24 » 4 ' 

NPK.'Ca .MnS04. . . . 

40 

Q.5 1 104.2 i 

172 

NPK, Ca MtiSOi. . . . 

So 

g.2 i ; 

■ 

32 - 3 - 

N'PK, CaM,nS 04 ..,^ 

1 60 

60 ■ 60,5 : 


38,7 

NPK, Ca MnSO,i. . . . 

240 

-h.7 ; 77.0 ! 

h.m 

38.3 

NPK, CaMiiSCh....! 

3 -c i 

H.H ■ 5 foo.o i 

577 

35 -? ■ 

N'PK, f-Ca) MuSO, ^ 

Ho 1 

: 94 w ; 

39 t,i 

40,0 

Check i 


Second Ccroij" 

ivA i 7 S.,t 

60.5 ■ 

254 

NPK. Ca. : 

; 

16,3 1 14 ) 0 . 0 ; 

. 57,0 i 


NPK. Ca MnSc;u. . 

40 

i (pxji \ 

HB.o ! 

mw ■ 

NPK, Ca -MnSO,.,.. .! 

80 1 

16. i 1 pS-H ; 

74-0 ! 

.22.5 

NPK, Ca, .MnSeC. , . 

1 iSo ; 

18.7 j ,114,0 ; 

79,0 i 

.2:2.6 

NPK.CaMnSO,....! 

241:^ ! 

-i 120,3 1 

tni A} 1 

26. t 

NPK. Ca KlnSO.) . . . . ' 

sao i 

i I'll A' ! 

74.0 1 

33-3 

N'PK; (- ChI ,MriSO.i ! 

Ho 

i6.p ■.; 103.P i 

_.i 

■ snj 

. . ^Fjrsl crop ai'owri o, !«4 «:k 

m I'Tr! 'carv 

;.rbo-0'blTh 

-narr 8, -roiU 

to April 

■ The first crop of 'beans wliicli 'utis. grown. ciuri,i 

ig December and. 


Jaimary made a rather small growth and' absorbed ample quantities 
:of manganese, as can be. seen fi”Dm the manganese content of the 
leaveso There was. no particular i,iicrease in yield from manganese 
treated pots, and in some cases. a distinct ctecrease 'occurred: ' , " 

■ ■ A secon,d crop of beans was 'gn>w:u in Febmary, March, and -April., 
■with retrealment of mangafiese ul ihi same rates. As shown in Table 
3, an increase in:, yield was obtained- feiii tlie niangaiiese-treated 
pots except dhe two lighter -applications. In these two trials^ as in. 
thectrials with Klaniath aiid imbisli |■)eats, ■ there is a-ii indication 
that wheutlie mai 5 gaiiest;? content of the Ic^aves is less than' 100 p:p.,m.., 
increased yiidik' niay' be adding .manganese, while: no 

■particular' iivcrease, or e'veri deceases i 11 yielc:! 111 a\^ result: -when the 
mauganese.'CTm.teh axceeds -'JOD pq^ju. 

■' " With t5oth crops' it is. evident that of the two groups .ofq^ots rVhich 
did not ttmuganese, ' the' leaves a'lmo'rbwi.m'ii0rem'iuingaiiie 

from tlie oiie wlhch did _iiot 'receiye lime, 

.lTU0.':fordlie::gK>ups::wMeh::iBceived'a .pounds- 'per^ 

:aGre ,of nian^tneso; suifateoTliis'-a the- finciiiigs of ' Ailisoig: 

Florida, ;:peats, ' with Gilbert . and'- McLean ', (3) 
on overdimed soils in Rho:le IslaiKh and with Willis (19) on over- 
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limed and naturally calcareotis soils of North Carolina. They found 
that a high lime content may cause manganese deficiency resulting 
ill chlorotic plants. 

ilfter harvesting, soil samples were taken from all jars, the like 
treatments combined and mixed, and extractions for the vaiious 
forms of manganese made. The results are reported in. Table 4. 


Table 4. — Manganese in Clatskanie peat after harvests. 


. 

Treatment 

Rate 
per acre, 
lbs. 

Water- 

soluble 

Mn, 

p.p.m. 

Exchange- 
able Mh, 

p.p.m. 

-Easily 
reducible 
manganic 
Mn, p.p.m. 

Total 

active 

Mn, 

p.p.m. 

NPK, Ca 

— _ , 

0 , ' 

17.2 

69 

86.2 

NPK, Ca MnSO.j . . , J 

40 

0 

•13.9 

104 

117.9 

NPK, CaMnS04..,.i 

80 

0 

20.8 

170 

190.8 

NPK, Ca MnSOi. . . 

240 ' 

Trace 

24.5 

187 

21 1. 5 

NPK, (-Ca) MnS04 1 

So 

0 

51-9 ■ 

98 

149.9 


Water-soluble manganese is negligible in all treatments. The 
exchangeable manganese is highest with the unlimed treatment 
being more than twice that of the same manganese application 
when lime had also been added. Conversely, the unlimed soil has 
less easily reducible manganic oxide than any other except the control. 
The lime, evidently, displaces a large portion of the manganese 
from the exchange complex after which it is oxidized to a form which 
is more difficultly available. 

INVESTIGATIONS WITH BRAILLIER PEAT 

In a further study of organic soils, a coarse, fibrous, niossy-peat 
of acid reaction was obtained from Braillier marsh near Astoria. 

This peat is formed in low marshes along the lower Columbia 
River and is subject to flooding during parts of the year. At this 
time manganese is reduced to the soluble form. With drainage most 
of the soluble manganese is leached away. When the peat dries out 
in the summer, good oxidizing conditions are brought about because 
of its open structure,, and the manganese remaining is oxidized and 
made difficultly available. 

This peat was duplicated in 2-gallon glazed jars, each containing 
1,360 grams of dry material All jars received fertilizers as pure 
chemicals in solution equivalent to 1,500 pounds per acre of 0“i6~24, 
in addition to 4 tons of lime. Manganese sulfate was applied as shown 
in Table 5. 

iMhis cornm^^ in October 1941, the soil inoculated, 

and growth continued until April 1942, with the aid of supplemental 
illumination during the winter months. A second cutting was har- 
vested in July. The yield data are presented in Table 5. 

Manganese applications gave slight to moderate increases over 
the check, but there was no increased benefit in using ratps higher 
than 20 pounds per acre. On an acid peat of such open structure, a 
small application is sufficient, and a heavy application might be 
initially toxic. 


6 JOURNAL GF THE AMERICAN SOCIETY OF AGRONOMY 


Table Response of lotus to manganese on Braiilier peat in the greenhouse. 


, 

Treatment 

Rate 
per acre, 
]b.s. 

First cutting 

Sec:ond cutting 

Average 
per jar, 
grams 

Relation to 
NPK, %■ 

Average 
per jar, 
grams 

Relation to 
NPK, % 

npe: 



18.3 

100 

21.7 

100 

NPK, MnS 04 .. 

20 ' 

22.7 

124 

25.9 

119 

NPK, M11SO4 . . 

40 

19.2 

105 

j 

j 

107 

NPK, MnS 04 . . 

80 

20.0 

109 

26.3 1 

I 2 I 

NPK, MX1SO4. . 

160 

20,0 

109 

23.9 j 

no 


Certain disorders have been noted on the leaves of small fruit 
grown on Olympic clay loam. A sample of this soil was taken from 
a check plot on a cooperator’s farm and all forms of active manganese 
determined by the usual extractions. The following results were 
obtained : -water-solubie Mn, 9.2 p.p.rn. ; exchangeable Mn, 115 p.p.m. ; 
easily reducible manganic Mn, 1,202 p.p.m.; and total active Mn, 
1,326 p.p.m. 

The active manganese in this soil is thus found to be very high. 
This high content of manganese may possibly be connected with the 
leaf disorders. Further study is in progress on this problem. 

RESULTS FROM FIELD TRIALS 

■ Various field' trials have been carried on by the authors and by 
cooperating agencies during the last few years. Manganese sulfate 
was applied at rates varying from 10 to- 60 pounds per acre. 

■ On Chehalis silty clay loam a Latin square minor elements trial 
has been conducted for 3 years with 'table beets. There were eight 
treatments and eight replications. Manganese sulfate Avas applied at 
40 pounds per acre each year. The results are shown in Table 6. A 
significant increase in yield was obtained the first year when the 
general fertility level was low, but since then the increases have been 
small and not statistically significant. 


Table 6.— Response of beets to mmigamse sulfate on Chehalis silty clay 
loam, Latin square if laL 


i 

Year 

Yield per acre, tons 

1 

Standard j 
error ' ; 
of difference 

1 . ■ 

Significance 

. Check . , 

, 1 

Manganese 

Difference 

1941 

447 ' . 


U49 i 

0..44 j 

Yes ■ 

1942 


r ■ 8.52' 

' 0-38 ■ 

: 0.49 ' j 

' No ■ 

2943 ■ : 1 

ir.30. t 


042 1 

0.32 

■ No 


Manganese sulfate has been applied at 20, 40, and 60 pounds per 
acre to corn and barley on Willamette silty clay loam since 1941. 
Yields have not diffei-ed significantly from the check plot averages. 
With increased rate of application in the corn trials, the data show a 
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slight trend towai’d increases in yield, while with barley the reverse 
effect was apparent. ^ 

Field trials with fanner eooperators wen'e also carried out on 
seyei'al different soil types. These trials included bo^^-senberries on 
Willamette silt loam, beets on Newberg sandy loam, blackcaps on 
Olympic clay loam, raspberries and beans on Powell silt loam, and 
beans and. tomatoes on Chehalis silty clay loam. In none of these 
trials, which were on acid to nearl}!^ neutral mineral soils, was there 
any consistent response to added manganese sulfate, and in a few 
cases negative responses were noted. 

DISCUSSION AND CONCLUSIONS 

The soils studied in this paper that showed a need for manganese 
occupy small proportion of the total cultivated land in Oregon. 
Those ^ soils that need manganese are not widespread and the de- 
ficiencies that do exist are not acute as crops grown on them do not 
show severe disease or deficiency symptoms. Manganese has induced 
certain increases in yield and quality of crops from some peat soils 
which make its use desirable under intensive cultivation. These are 
the basic peats and a coanse acid peat alternately submerged and 
desiccated. Acid peats and mineral soils are not likely to respond. 

The peat soils, except Braillier peat, have a rather high manganese 
fixation capacity so that relatively large applications could be made 
without toxic effects. On the basis of yields obtained and the amount 
remaining available in the soil it would be more feasible to make 
moderate applications yearly. 

In the plant leaves analyzed the manganese level varied from 40 
to nearly 700 p.p.m,., in the other plant parts from 20 to 170 p.paiif 
An indication is provided of response to manganese when the leaf 
content is less than 100 p.p.m. No distinct disease symptoms appeared 
^ the 40 p.p.m. level though it was thought to be near the bordexiine, 
GilbeiT, a/. (6) found that the manganese requirement of oats 
and spinach was 20 to 60 p.p.m. 

In the soil active manganese varied from 12 to 1,326 p.p.m. These 
extremes probably are in the range of deficiency and toxicity. The 
degree of responses did not associate well with any definite level 
probably because of other factors in the soil. 

Soils containing an excess of active manganese with all its physico- 
chemical and physiologic reactions rnav be found in some of the 
residual hill lands. 
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YIELD-DEPRESSION EFFECT OF FERTILIZERS AND ITS 
MEASUREMENT: IL REPORT ON NUTRITIONAL 
UNBALANCE DISCLOSED BY FIELD TESTS^ 

0 . W/WlLLCOX' 

T he subject of yield-depression by plant nutrients has been pre-* 
viously treated by the writer (5).^ Briefly, it is found (2) that 
when a crop is planted in an otherwise normal soil deficient in a 
particular plant nutrient and is then treated with graded increments 
of that nutiient, the resulting yield curve will conform with the 
regtilar Mitscheriich-Baule yield equation; provided , that addition 
of the nutrient is not carried to the point of causing nutritional un- 
balance. In the latter case the yield curve will branch off on a differ- 
ent course that is determined by a coefficient, k, which measures 
the degree of nutritional unbalance. Where nutritional imbalance has 
thus been created, the whole 5deld curve is seen to be composed of 
two limbs, a lower limb that conforms ivith the normal yield equation 
y = A and an upper limb that answers to the depression 

equation y = A which is the normal M.-B. yield 

equation modified by a depression constant k, the magnitude of 
which is dependent on the surrounding circumstances. In these 
equations y is the obtained yield, A the maximum possible yield, and 
.v the total amount of the nutrient in the soil. The numeral 0.301 is the 
noi'mal effect factor of any growth factor when the amount of this 
factor, X, is stated in Baule units (baules). 

In the previous paper the standard yield diagram was employed 
as a convenient means of demonstrating the depression-effect of 
nitrogen in field tests with corn, tea bushes, sugar cane, and sugar 
beets. In the meantime the study has been extended to a wide range 
of published field tests with various crops and fertilizers in the United 
States and abroad. The large proportion of cases where the yield 
curves have been found to exhibit the dual character (3f normality 
and depression shows that nutritional unbalance is imposing severe 
limits on prodiictive agriculture. In view of the wide prevalence of 
the phenomenon, and its obvious agronomic importance, some ex- 
amples of what has been found in this suiwey are given. 

The term “yield depression'' as here employed has been questioned. 
In the first three examples all the treatments have produced suc- 
cessive increases, and apparently there has been no depression. What 
is meant is that the increases should continue at the rate established 
by the lower normal limb of the curve; what happens is that, due to 
physiologic unbalance, the higher increments of fertilizer give in- 
creases at a rate less than the normal rate. 'With any given amount of 
fertilizer, the spread between the extension of the normal curve and 
the actual curve measures the deficiency from the normal yield; in 
other words, this spread measures the amount of additional yield 
that should have been obtained. 

^Received for publication July 19, 1944, 

^Consulting Agrobiologist, 197 Union St., Ridgewood, N. J. 

^Figures in parenthesis refer to “Literature Cited'*, p. 20. 
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YIELD-DEPRESSION EFFECT OF FERTILIZERS AND ITS 
MEASUREMENT: IL REPORT ON NUTRITIONAL 
UNBALANCE DISCLOSED BY FIELD TESTS ^ 

O. W. WlLLCOX^ 

T he subject of yield-depression by plant nutrients has been pre- 
viously treated by the writer (5).'^ Briefly, it is found (2) that 
when a ci*op is planted in an otherwise normal soil deiicient in a 
particular plant nutrient and is then treated with graded increments 
of that nutrient, the resulting yield curve will conform with the 
regular Mitscherlich-Baule yield equation; provided, that addition 
of the nutrient is not carried to the point of causing nutritional un- 
balance. In the latter case the 3deld curve will branch off on a differ- 
ent course that is determined by a coefficient, /e, which measures 
the degree of nutritional unbalance. Where nutritional unbalance has 
thus been created, the whole yield curve is seen to be composed of 
two limbs, a lower limb that eonfornis with the normal yield equation 
y = A (1-10“”^ and an upper limb that answers to the depression 
equation y = A which is the normal M.-B. yield 

equation modified b}^ a depression constant k, the niagnitucie of 
which, is dependent on the surrounding circumstances. In these 
equations 3^ is the obtained yield, A the maximum possible yield, and 
a; the total amount of the nutrient in the soil. The numeral 0.301 is the 
normal effect factor of any growth factor wlien the amount of this 
factor, Aq is stated in Baule units (baules). 

In the pirevious paper the standard yield diagram was canplo^Td 
as a convenient means of demonstrating the d.^epression-effect of 
nitrogen in field tests with, corn, l:>uslies, sug.a:r, cxuie, a.nd sugar 
beets. In the meantime the stud}^ has been ext';ended t^> a wide range 
of published field tests with various crops and fertilijsers in the United 
States and abroad. The large proportion of cases, wdiere- the yield 
cmwes have been found to exhibit the dual character of normality 
and depression shows that nutritional unbalance is imposing severe 
limits on productive agriculture. In view of the wide prevalence of 
the phenomenon, and its obvious agronomic importance, some ex- 
amples of what has been found in this survey are given. 

The term '‘yield depression'' as here employed has been questioned. 
In the first three examples all the treatments have produced suc- 
cessive increases, and apparentlj^ there has been no depression. What 
is meant is that the increases should continue at the rate estalilished 
b}? the lower normal limb of the curve; \vhat happens is that, due to 
physiologic uiibalanee, the higher increments of fertilizer give in- 
creases at a rate less than the normal rate. Whth any given amount of 
fertilizer, the spread between the extension of the normal curve and 
the actual curve measures the deficiency from tlie normal 3ddd; in 
other words, this spread measiires the amount of additional ^deld 
that should have been obtained. 

^Received for publication July 19, 1944. 

‘-^Consulting Agrobiologist, 197 Union St., Ridgewood, N. J. 

-'^Figures in parenthesis refer to “Literature Cited”, p. 20.' 
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to a report by Rogers (f 
TW« f tbe «be ot^ sodnini rutrate on seed cotton, oats, and conx 
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Table I. Rogers field test with sodium nitrate on seed cotto7i, oatSj and corn. 
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crenieiits of nitrogen make an' excellent lit .on curve A —■26/ which 
means that. if the atrerage nutritional set-up existing' on these cotton 
fields after inclusion of the first three increments of nitrogen, could 
he projected forwarf, these fields could produce an. ultimate iiiaxioium 
yield of 2 6 .)<' 200 — 5,200 pounds of seed cotton, or somewhat more 
than 3 .bales of lint. But it. is plain that tlie liigher a.dditio!is of .nitro- 
gen, have lliTown this ■nutrient out of Ijalance :wi t!i the original factors. 
Beyond the tl'iird addition of nitrogen yieM-depressioii intervened, 
and at the -tiftii addition, the yield was 6., 12 units instead of the 7.60 
units predictable by tJie- normal yield equation and indicated by the 
arrow leaching to curve 26. The indicated yield depiession ■ (u.i> 
•obtaiiied yield) arn,oim.ts to 19.4%, figured, on the normal expectancy 
from 4,00, pounds of sodium, nitrate. The d,e]>ression factors found 
for the three crops are sliown. in coliinin. \-dI J of Table i. 

With these k factors we can write the- following equations for 
Rogers' results: 

Yield of seed cotton = 26 (1 - 

Yield of oats . = 24 ( i ~ 10“'^^ xy ^ q-o -2^x2 

Yield of corn — 20 (i - 

The agreement between tlie observed and calculated yields is got:)d. 
.(columns V and VI).’ 

A second example is an 11 -year test on rat.e and time of application, 
of potash to seed cotton oti Norfolk sand at the Sandhill Experiment' 
Station in Soitth Carolina. The field data, shown in Table 2 and Fig, 
2, were kindly supplie'd by Prof. W, H. Garman. The .-^vork embraaid 
three operational variants, viz., all potash before platitin.g, all at 
chopping, and half befimj planting and half at chopping. All three 
of thc^- rc^sulting yield curvc‘S liave normal and depression limbs. Tlie 
avemge values of k for tlie three operational variants are., respecti'vely, 
0.057, 0.0717, and 0..0S54. These' values of k are miufii smaller than 
those found for nitrogen in Rc^gers’ work, which accords with the 
. general observation that ^deld depression is more severe with an excess 
of nitrogen than with an excess of potash. Still, the depressive effect 
of potash on these soils is on the whole considerable. Thus, in the 
variant where half the potash was applied before planting and half 
at chopping (uppeT cunm, Fig. 2) the normal expectancy from 60 
pounds of potash was ia.75 yield units, whereas 8.92 units were ob- 
tained. In this phase of the test, if the nutritional set-up after in- 
clusion of the first three increments of potash were projected forward 
on curve 22 without unbalance, there would be produced an ultimate 
maximum yield of 22 X 200 — 4,400 pounds of seed cotton. Particu- 
lar attention may he directed to the small difference between the 
yields from the three experinunital variants at all levels of potash. 
Thus, the end results are represented l)y liarve.si.s of 1,450, 1,470, and 
1,485 pounds per acre. TIic maximum spread between the three 
curves is 37 pounds, there is no overlapping of the three curves 
at any level which is an impressive testimony of the accuracy that 
can be attained in a carefully conducted, long term regional field test. 

A third example is taken from data compiled by Bray (i) on the 
relation between available soil potassium and yields of corn, soy- 
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ZZ 




BAULES OF POTASH 

Fig, 2. —Standard yield diagram of test on time and rate of application of potash 
to seed cotton. Upper curve, half before planting and half at chopping; middle 
curve, all at chopping; lo%ver curve, all before pianting. 




T^ble 2,— Yield of seed cotton from mt experiment on rate and time of applying potash.' 
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beans, and wheat on 23 farms in Illinois. By available potassium 
Bray understands exchangeable potassium as deteiiniiied in soil 
analyses. He found that the maximum yield of corn was obtained 
when the soil contained 236 pounds of available potassium per acre; 
the maximum yield of soybeans coincided with 1S2 pounds per acre, 
and the maximum yield of wheat with 127 pounds per acre of avail- 
able potassium. With less potassium the yields of each crop were 
smaller. From these relations, and taking the observ^-ed maximum 
yields as percentage bases, Bray compiled a table showing how much 
potassium is needed to produce a named percentage of the maximum 


Table 3. — Relatioii between soil potassium and percentage yields of corUt 
soybeans, and tvlieat in Illinois. 
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yield of each of these three crops. This table, which is incorporated 
iirTable 3 (coliiiiiiis I and IV), is cuneiitly used i:o iii£ikiiig I'ecorn- 
mendations as to the potash requirements of Illinois famis on .the 
basis of .tests on fanners’ soil satriples* In compiling his table Bray 
could not reconcile bis data with, the M.-B, system, which spcdiies 
that a given anioinit of moil potassium (e.g. :i: baule) will produce 
the same perceii'tage of tlie maxirmin:i crop of any plant, whereas 
it appeared, and was indeed a ;faet, tliat on tliese Illinois soils d.iffeTent 
ci“ops reqiiimd diffei'ent amounts of potassium to produce the same 
percentages of their observed maximum yields. . 
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FlOV.Sr --Standard yield diagranrof relations, between soil potassiinir- (K) and 

yidds of, corn, sov beans, and wheat. Field data frorn .Bra V'. 


' However, when grapluTi on the standard yield diagram, (Fig. 3), 
Bray’s data are seen to conforin in. every respect with the M.-B. system, 
which expresses the whole action of a. factor of plant growth in both 
of its functions — as a growth-promoter, and as a growth-depressor, 
l"he first of these functions is mathematically expressed by the normal 
M.-B. yield equation y = A(i - which holds only when a 

is not in pliysiologic excess. When a is in excess the normal yield 
equation naturally will not hold. Then the depression equation, which 
is merely the normal equation qualified by a depression constant k, 
takes over (2). Much of the difficulty experienced by some agrono- 
mists aiirl plant biochemists in their struggles with the M.-B. system 
seems to l>e due to the unsuspected preseiu'c of nutritimial unbalance 
in their experimental data. 

At all events, the l)eha.vit>rs of corn, .soyl;)eans, and wheat towards 
potash on these llliiuus farms might well serve as cdassic exaintdes 
of the applicabilit'y of both the noriimi and th,e <le|;)ression ecpiations. 
In the case of corn the yields from the four lower increments of pot- 
ash conform as closely as could be desired with the normal yield 
equation wherein A — 11.5, while the whole curve is very closely 
defined by the depression equation wherein k has the average value 
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0.00144. Similar concordance of the calculated and the observed 
yields of soybeans and wheat is apparent (columns IV and V, Table 
3). 

The positions of the initial yield points above the horizontal axes 
indicate that Bray’s corn and soybeans soils had each, an original 
0.88 baule of exchangeable K, while the diagram credits the wheat 
soil with an original 1.35 baules. All the crops were grown in rotation 
on the same soils. A reason why more available K should show up 
in the wheat rotation remains to be sought. 

DISCUvSSION 

The original manusciipt of this paper was reviewed by a number 
of persons who have offered some suggestions ; one is that the standard 
yield diagram should be made to fit four or five data points instead 
of only two or three. If this were done the depression factor would 
not be given nearly as much weight, and the A values, from which 
the depression effect is measured, would not be so high. 

This suggestion implies that the standard yield diagram is a plastic 
thing that may twisted as desired. If that were so, the diagram would 
have no scientific or practical value. The diagram is, in fact, as in- 
flexible as the normal M.-B. equation on which it is based. This 
equation is characterized exclusively by the single factor 0.301, which, 
in the M.-B. system, is held to apply to all kinds of piants that «are 
grown under normal conditions, and to all plant nutrients when these 
are present in agrobiologic balance. No yield curve or part of a yield 
curve which does not answer to this constant is to be considered as 
a correct representation of normal plant yields. In the mechanic arts 
or elsewhere in dail}^ life there would be no sense in having a staiKlard 
foot rule that could be lengthened or shortened to fit discordant 
situations. There will also be no sense in having a standard of agro- 
biologic normality that could be altered to give a false appearance 
of normality to aberrant phenomena. Exactly what the practice of 
plant nutrition now needs to make it a real science is an authentic 
pattern of normality, by which abnormality may be recognized and 
assessed. 

The variation of the value of k with different kinds of plants and 
soils has seemed to be hard for some to understand. The value of k 
depends entirely on known or unknown soil conditions inimical to 
normal crop yields. Some crops may or may not be more susceptible 
to the same hostile factor than another; the diagram mereh^ measures 
the depressive effect, without reference to the cause or the kind of 
plant. 

In one opinion, the claim that deficiencies other than the fertilizers 
in use are not permitting these fertilizers to function fully has been 
challenged as an unproved assumption. The cited examples of iiekl 
results from SGuth Carolina and Illinois indeed do not bring direct 
proof that the depression CAirves might come closer to if 

missing factors responsible for the unbalance are supplied. But such 
proof is available in other examples. In deference to the current short- 
age of space only one will be cited. 
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This example is an experiment by Wellington and Gollison (4) 
witb iiitTogEn aiKld^otasli on Concord grapes in New York State. The 
field data will he found in Table i of the original paper for the 1,941 
and 1 942 'crops. Briefly, tliere were five treatments, no N;'32 pounds 
N; 64 pounds N’; 96 pounds N; and 64 pounds N, and .100 pounds K, 
Tile standard yield diagram of this c-xperimeiit is shcuvn in Fig. 4. 
Yield nnits for diagnimniing were obtained by dividing the reported 
pounds of grapes per acre in the 1941 crop by 500; for the 1942 crop 
the , divisor was 1 ,000, 



Fio. 4. — Wellington and Collisoits field experiment with nitrogen on grapes.. 


In 1941 the two trealtnenls no N and 32 pounds N define A — 2$ 
as the normal yield ctirve. Thai is, the indicated inaximiim possible 
yield for N fertilization in this vineyard iti tha.l year was 28 X 500 — 
14,000 pounds per acre, but beyomi the 32 pound increment of N the 
normal yield was drastically depressed. Growing (Conditions were 
apparently better in 1942 and the yields from all treatments were 
better. The fii-st two increments define A — 22 as the normal yield 
ettrve, indicating a maximum possible yield in that year of 22 X 1,000- 
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22,000 pounds (ii tons). Here, also, the normal yield was dras- 
tically depressed by the two higher increments of N. It is true that 
the normal curves are defined by only two points each; at least three 
are desirable; but as the pictures are substantially analogous for both 
crops, there is little reason to doubt that the tiomial curves have 
been correctly identified. 

The fifth treatment in this experiment was 64 pounds of N, re- 
inforced by 100 pounds of K. The corrective influence of K on the 
depressive effect of an excess of N is evident. In 1941 the yield of N 
plus K was 5.92 as against 5.73 units for N alone. This is a relatively 
small but still appreciable improvement. In the better 1942 season 
the normal yield from 64 pounds of N should have been 8.4 units 
(8,400 pounds). The actual yield was 7.02 units (7,026 pounds). The 
deficiency w^as thus 1,374 pounds. The addition of 100 pounds of K 
brought the 1942 yield to 7,542 pounds, thus reducing the deficiency 
to 858 pounds which represents an improvement of 37.5%. It is 
evidently proved that the higher increments of N threw this soil 
out of agrobiologic balance, and that the balance was at least partly 
restored by an addition of K. Full restoration of balance may require 
further experimentation on this soil, which, if successful, may well 
be profitable. The diagram intimates that 96 pounds of N should 
have raised the yield of the 1941 crop to 9.7 X 500 = 4,850 pounds, 
and in 1942 to 9.65 X 1,000 = 9,650 pounds. 

Some astonishment might be evoked among New York viticultur- 
ists by the suggestion that with proper management their vines may 
have a potential yielding ability of up to ii tons per acre; the po- 
tential may even be higher, depending on %vhat value of N is 
found for insertion in the formula A max. = 318 N. But 11. or even 
20 tons of grapes to the acre is no more fantastic than actual yields 
of 35 tons of tomatoes, or 225 bushels of corn, or 45 tons of sugar 
beets, or 1,300 bushels of potatoes, or 80 tons of sugar cane in one 
growing season. A serious fault of contemporary^” agriculture is its 
continuing failure to awake to the vast potentialities of its crop plants, 
and its neglect to capitalize on these potentialities by an intelligent 
application of quantitative agrobiologic science. 

CONCLUSIONS 

A survey of published field tests shows that in many cases persistent 
increase of the amount of fertilizer added to the soil results in de- 
pression of the normal yields of all kinds of crops, due to the creation 
of nutritional unbalance. Failure to preserve nutiitional balance 
seems to be a major factor in repressing the fertility of the soil, and 
is one of the baniers to full exploitation of the known great inherent 
growth-energies of useful crops. 

Measures for correcting or avoiding nutritional unbalance require 
first of all a means of recognizing it and measuring its degree. Such 
a means is found in the use of the standard yield diagram, which is 
based on the Mitscherlich-Baule theorem. 

On the South Carolina farms represented in the examples here 
given soil nitrogen is evidently in excess when its total amount 
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exceeds 0.30 or' 0.36 baiile. Potash, is out of balance- Y/hen,' its amount 
exceeds 0.6 batile. In the Illinois soils considered, .potash, is not out. 
of balance with corn and wheat when its average amount is about 
2.0 baules. With so^rbeans, unba.Iance : with potasli begins' at about 
0.6 baule. 

■ Proof is cited tha;t nutritional or agrobio'iogic unbalance arising 
from an excess of one nutrient (N for' example) may be corrected, 
by an. addition of a d,e.ficient nutrient. This corrective effect is, of 
course, just another verifi€a,tion of the agrobio-logic law that quantita- 
tive p'lant growth d,epends on aJiaroionic balance of all it'S factors. 
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MAINTENANCE LEVEL OF NITROGEN AND ORGANIC 
MATTER IN GRASSLAND AND CULTIVATED SOILS 
OVER PERIODS OF 54 AND 72 YEARS' 

' J, W. White, F. J. Holben, and A. C. Richer^ 

T he land now occupied by the Jordan Soil Fertility Plots of the 
Pennsylvania Agricultural Experiment Station was devoted to 
general farming from 1838 to 1868. In April, 1869, iwe tiers of 44 
plots each were laid out and used for miscellaneous experiments until 
1880. This pioneer experiment field, known as the Central Expeii- 
mental Farm, was used for various tests in the nature of method 
of tillage, variety tests, and minor fertilizer experiments . 

In 1881 a more comprehensive field plot experiment was estab- 
lished on the same area. This experiment, known until 1931 as the 
General Fertilizer Series, includes four tiers of 36 plots each. In 1931 
the name was changed to the Jordan Soil Fertility Experiments in 
honor of its founder, W. H. Jordan. Since 1881 this experiment has 
been conducted as a four year grain rotation of corn, oats, wheat, 
and mixed hay in which the manurial treatments have been applied 
to corn and wheat. 

The soil upon which the experiment is located is known as Hagers- 
town silt loam of limestone origin, typical of the most fertile Hagers- 
town soil found throughout the limestone valleys of Pennsylvania. 

At the time the earlier plots were established, the land was in 
clover and timothy sod, seeded in 1867 and mcnved the following 
year. The grass division strips which now separate each of the 144 
plots of the four tiers and the six grass roadways between tiers have 
l3een in grass continuously since 1867. The grass was cut and raked 
once or twice each year since 1869. These permanent grassland 
areas have received no manurial treatments except occasional wind* 
blown materials which may hav^e fallen upon the areas at the time 
the fertilizers were broadcast by hand on the plot areas. The grass 
division strips are 2 feet in width and the vegetation at the present 
time consists of Kentucky bluegrass, miscellaneous native grasses, 
and weeds. The roadways, 12 feet wide, support vegetation similar 
to that of the division strips with the exception of a scattered stand 
of white Dutch clover. 

The cropping system followed on the Central Experimental Farm 
(1S69-1880) was similar to that of the Jordan plots. Since the grass- 
land areas described and the plot soils have been continuous since 
1869, it becomes possible to determine the effect of the two systems 
of soil management for a maximum period of 72 years (1869-1940). 

The relatively narrow^ division strips and roadways are not to be 
considered as entirely comparable with extensive grassland areas. 

^Contribution froni the Department of Agronomy, Pennsylvania .State College, 
School of Agriculture, State_ College, Pa. Authorized for publication on August 
I5ri944r as paper No. 1242 in the Journal Series of the Pennsylvania Sclioo'l of 
Agriculture. Received for publication August 18, 1944. 

^Professor, Assistant Professor, and Associate Professor of Soil T(‘chnologv, 
respectively. 
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The term grassland is itsecl to distinguish between the cultivated 
plot soils and those in permanent sod. 

The readers should keep in mind the fact that reduced erosion of 
the grassland soils is a contributing factor with respect to the ac- 
cumulated tiitrogeii and organic matter in excess of that found in 
the plot soils. 

EXPERIMENTAL FROC 

At sev-era! periods of the Jordan Soil Fertility EKperim-ents, the authors have 
sampled both the grassland areas and the r£*spective plot soils ot representative 
treatments. The soil vSamples were taken to a depth of 7 inches b\" means of a 
standard soil a-nger. In sampling the grass division strips, the soil borings of ' the 
strips on each side of the plots were combined for comparison with tlie respective 
plot soils. On the grass . roadways, two borings were talcen o|:5posite the ends of 
each of the 36 'plots of the four tiers. 


■ DATES OF SAMPLING ■ 

The roadways were first sampled in 1907 by the senior -author under the 
direction of the late William Frear. The second sampling period was in 1938. The 
division strips and representative plot soils of tier I were sampled in 1922. In 
1940 samples were secured from representative grass division strips and respec- 
tive plot soils from each of the four tiers. These differtmt sampling periods afforded 
an opportunity to determine the maintenance levels of nitrogen and organic 
matter -at different x:*eriods of t:he experiment as influ-enced hy the two systems 
.of soil manag-ement. . ... 

Total nitrogen (Gunning rnetliod modificfd to inc'lude nitrogen of nitrates), 
organa* carbon (White-Holhen method), and i)H were determined cm the fme 
soil that I'xisBCid through a 20-nicsh sieve. Tlie carbon -nitrogen ratio of each soil 
■ is also Induded in^ tlie tables |:.n*esen.teci. T.he .rcsitlts, are presen t-ed in terms of 
pounds per acre of nitrogen awl organic matter (C X 1.724) i>ase<l on an acre 
weight of 2,000,000 potmds t.)f soil to a depth of 7 inches, 

ITiescv caleulatians do not al’tow for jK>ssible differences in volume weight 
between the grassland and ta.i!tivated. soils or for differences in org^mic matter 
and nitrogen content of the two soils below tlie t.leptli. of 7 iiielies. ■ 

■ 'PLOT TRiLVrMENTS 1KCLITDEI>'IH STtm 

The following Jordan plot treatments are included for comparison with the 
grassland soils: (i) Unfertilized; (2) PK, 48 pounds and 100 pounds of KyO; 
(3) PKN, PK and 48 and 72 pounds of nitrogen from nitmte of soda; (4) 6 tons 
manure on limed land; (5) lo tons manure on limed and luilimed land. 

The plot soils of tiers r and 3, included in these studies, have received no lime 
since 1881 with the exception of plot 22 (lime and 6 tons of manure treatment) 
which has been treated once each rotation wdth 2 tons of burnt lime. All plots of 
tiers 2 and 4 were limed in 1922 and 1923, respectively, with the exception of 
plot 25 (PK) of tier 4. Additional lime applications have been made in amounts 
indicated by frequent lime reepurement determinations. 


- .'EXPERIMENTAL RESULTS 

The average yields of air-dry matter per rotation (corn, oats, 
wheat, and mixed cdover and timothy hay) of tlie J(jr<:lan plots and 
for the same plot areas of the oinginal Central Experimental Farm 
are presented in Talile i . 

^White, J, W,, and Holben, F. J. Perfection of the chromic acid method for 
determining organic carbon. Jour. Ind. and Eng. Cbem.j 17: 83. 1925. 

^ ^ Supplementary notes on the periected chromic acid 

method for determining organic carbon. Jour, Assoc. Off. Agr, Chem., 17:334. 1934. 
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The yieids prior to i88i ate similar to those of the stibsecmeiit 
Jfjrdan plots. With the one exception of the. untreated plot soils, 
the yields have been maintained at a fairly constant level since 1869. 

NITROGEN AND ORGANIC MATTER CONTENT, pH, AND CARBON- 
- Nrr,EOGEN RATIOS OF THE GRA.SSLAND AND CIJLTIVAT.ED 
PLOT SOILS OF TilSRS I, 2 ., 3, AND 4 AT THE END OF 
72 YEARS (1869™ 1 940) 

Tlie data secured, from a study of the soils of the two systems of 
management ■ at the end of 72 jTNirs are presented in Tables 2, 3, 4, 
3, and 6, For convenience of coiiiparisoii the percentages of nitrogen 
and organic matter '(C .X 1.724) were computed in terms of pounds 
per acre. 

. Table 2. — Ntirogem^ t7f\^anic matter, pH, and Cixrbm-mtrogen ratios of grass- 
land {division strips) and plot satis of Her i after 72 yeMts {i86Q-ig4o), 


Poiaids per acre nitrogen and organic tnatter 



Plot soil ti 

eatments since 18S1 

■ 

Uiv 

t.reated 

(14-24) 

PK 

(‘S-25) 

PKN 

a?) 

■Six tons 
rniinure 
+ lime 
(22) 

Ten tons 
mantire 
(20) 

.Nitrogeo, gnissland soils. ...... 

3, 968 

4,002 

4., 058 

4,512 

4,326 

Nitrogen, plot soih. . . 

^.337 

2,906 , 

2,892 

3,844 

3,700 

Excess over plot soils, ......... 


1,096 

1,1.66 

668 

626 

Percentage excess over plot soils 

. 69.8 

37*7 

40.3 

1.7.4 

1-6.9 

■Organic matter, grassland soils 

92,600 

90,700 ' 

90,400 

100,600 

93,600 

Oi47ini-e matter, plot soils. ..... 

1 . 56.500 

66,600 1 


85,200 

; 81,400 

Excess ovQT plot soils . . 

i 36,iCiO 

24400 

28-, 600 : 

154C0 

' 12,200 

•Percentage excess over plot soils ; 

' ’ 63.9 

j 36.2 

^ ' 46.3 : 

:i8.i 

15.0 

■pFE grassUmd soils... , ......... . 

6.0 

• 5-9 

' 5*8 : 

74 

5.7 

'pH, nlot soils 

1 5.9 

54 

.5*2 

8.3 

54 

Carbon-Bitrogeii ratio, grassland: 
soils. . . . . . i 

13.5 

13.2 

12.9 

12.9 ' 

i 

12.6 

Carbon-nitrogen ratio, plot soils 

I 14.0 

' 13.3 

12.4 

12.9 

12.8 


"A stud}’* of the several tables will show that on each of the four 
tiers of plots, the grassland soil had a nitrogcui and organic matter 
content coiisiderabty aljove that of the cultivated plot soils. Carbon- 
nitrogen ratios are similar irrcs[)ective of the plot treatment and 
system of soil management followed during the period. 

Based on the average figun^s of lalde 6, the grassland soils have 
maintained an fwganic matter content in cxctlsb of the cultivated 
plot soils as follow’s: Percentage increavse over untreated plot soils, 
60.8; PK, 37.4; PKN, 41.5; 6 tons manure, 23.3 ; and lo tons manui^e, 
I £.2, If the nitrogen content of the grassland soiis is cxprcvSvSed as 100, 
the relative values of the. five plot treatments will be as follows: 59, 
71, 70, 84, and 89, respectively. 




NITROGEN AND ORGANIC MATTER CONTENT AND CARBON- 
NITROGEN RATIO OF THE SOILvS OF TIER I AT THE END 
OF 54 YEARS (1869-1922) 

The results of the studies of the grassland and culth?ated plot 
soils at the end of 54 years are included in Table 7. The nitrogen and 

Table 4. — Nilragefi, organic matter, pH, and carhon-nitrogen raiios of, grassland 
{division sS trips) and plot soils of tier j after /2 years (jS6p-ig4o), 


Pounds per acre nitrogen and organic matter 




Plot soil treatment 

since 1883 

r 

' 

1 

Un- 

treated 

(24) 

PK 

(29) 

PKN 
(28) 1 

Six tons 
manure 
+ lime 

(22) 

Ten 

tons 

manure 

(20) 

Nitrogen, grassland soils. ...... 

3.288 

3,102 

3.362 

3,700 , 
2,998 ! 

3*332 

Nitrogen, plot soils. 

1,802 

2,034 i 

2,286 

3,022 

Excess over plot soils. , 

1,486 

i,o68 1 

1 ,076 

702 

310/ 

Percentage excess over plot soils 

82.5 

.32 -5 1 

47.1 

23.4 

■10,2 

Organic matter, grassland soils 

72,800 

70,000 

73AHX) 

Bo, 600 

1. 73.^00 

Organic matter, plot soils ...... 

42,800 

47,200 

50,000 

62,000 

1 67,600 

Excess over plot soils 

30,000 

22,800 

23,000 

i8,6od 

6,200; 

Percentage excess over plot soils 

70.1 

48*3 

46.0 

30.0 

■ 9.2 ' , 

XiH, grassland soils . . . . ...... . . 

7,1 

5-9 

! ■■ 5 -B 

7 A 

' 5*7 

pH, plot soils. . . . .i ......... . 

Carbon-nitrogen ratio, grassland 

5.7 ■ 

54 

5-9 

I4 


soils... .. 

12.8 

13.1 

12.6 

? 12.6 . 

12.8 

Carbon-nitrogen ratio, plot soils 

13.8 

13-5 

12.7 

12.0. 

1.3.0' 
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Table 3. — Nitrogen, organic matter, pH, ami carhon-nitrogen ratios of grassland 
(division strips) and plot soils of tier 2 after fz years (i86g-J P40) . 

Pounds per acre nitrogen and organic matter 


Plot soil treatment since 1881 



Un- 

treated 

(24) 


PKN 

(38) 

Six tons 
manure 
4- lime 

(22) 

Ten 

tons 

manure 

(20) 

Nitrogen, grassland soils 

3.548 

3.460 

3,842 

4.038 

3r55o 

Nitrogen, plot soils 

2, 122 

2,598 

2,582 

3,258 

3,386 

Excess over plot soils 

1 ,426 

862 

1,260 

780 

164 

Percentage excess over plot soils 

67.2 

32.2 

48.8 

23-9 

4.9 

Organic matter, grassland soils i 

78,600 

79,000 

83,000 

86,200 

77,200 

Organic matter, plot soils 

49,000 

59,600 

58,200 

69,60a 

73,400 

Excess over plot soils 

29,600 

19,400 

24,800 

i 16,600 

3,800 

Percentage excess over plot soils 

60.4 

32.3 

42.6 

23.8 

5.2 

pH, grassland soils 

: 6.9 

6.6 

' 6.4 

■ 7*5 

6.1 

X)H, jdot soils. 

Carbon-nitrogen ratio, grassland 

74 

6.8 

6.8 

: B.5 

7.0 

.soils 

12.Q 

13-2 1 

12.5 

■ 1^4 

12.6 

Carbon-nitrogen ratio, x>lot soils 

134 

3 i 

Ll.i 

12.4 

12.6 
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and organic mat.ter lever of the' grassland soils is again shown to be 
■eoiisiderably above tha.t of 'ihe cult I'wited. plot soils.- 

Table 5.-— organic tmlfer, pH, afH carhon-niiwgen ralios of nyasskind 
(divhwn strips) and plot soils of tier 4 if ter 72 years (i86g--ig4o}, 

l'V>inids per ricre nilAcgen rind organic inatter 


Plot: sail treatments S'ince iSSi 


. 

Un- 

treated' 

(24) ■ 

PK 

(23) 

0 

PKN 

( 2 -) 

Six tons 
ma,ruire 
~T" lime 

(20 

Ten 
tons ^ 
manure : 
(20) 

Nitrogern grassland soils... ..... 

3,64.2 

3,Soo 

3,980 

3,806 

3,906 

.Nitrogen, plot s-oiJ$ 

2,328 

2,724 

2,970- 

3.3B0' 

3,406 

.ExceS'S over |:>lot seals. ■ , . 

,1,314 

i ,076 

1,010 

420 

500 

Percentage €,xcesB o^'er plot soils 

‘ 56.5 

39‘5 

34-0 

12.4 

14.7 

Organ it* matter, gnessland soils j 

I 78,200 

82,800 

1 85,200 i 

So, 000 

80,000 

Organic mailer, plot soils. ; , . . . 

,52,000 

61,400 

1 64,400 1 

69,000 1 

69,600 

Exoe.ss over plot. soils 

26,200 

21,400 i 

i 20,800 i 

f 1,000'- 

10,400 

Peream-tage exi.:es-5 over f.-ilot soils ! 

^ 5f>«4 ; 

; 34.8 ; 

i 6.3 1 

32.3 ! 

15.9 ' 

14.9 

6,8 

pH, grassland soils : 

i 7'5 1 

i 6,3 

,7»6 ; 

pH,, plot soils 

Carl >ou-n i t rogen ra t io, grassla nd 

1 ”-M 

5-5 

6.5 

1^.3 1 

7*1 

soils , 

1 12.5 ^ 

12.6 i 

1 J^-4 

^ 12,2. ! 

If .9 

Carbon -nitrogen ;r;oil.s 

i 1:3.0 I 

1 13G ! 

L.„. i^>3 i 

i 11.8 

11*9 


CHANGES IN MAINTENANCE LEVEL OF NITROGEN AND 
. ORGANIC MATTER, DURING AN'-|S”*YEAR PERIOD 
■ BET'WEEK 1:922 AND 1940, TIER I 

The rdative changes.’ in nitrogen and o:rganic ■ matter content of 
the grassland -and cultivated plot soils during tlic^ last iS years of 

Tabim (>rSimimary of - ike four tiers ■ slmeing ike merage nmmienanee level of the 
plot soils,, compared with ike -grassiund areas, as mfliienced by commercial 
feridlimr mid-mafi-ure, 42 yein's iiS6(4-iQ40 

■ ■ ' Pounds per acre of nitrogen and organic matter 

' -j ’ 

-I Plot soil treatments since 1,881 ■ 



Un- 

treated 

PK 

PKN 

■ 

Six tons 
manure 
4“ Ho'ie 

■Ten, 

■ tons 
manure 

,N,it:.ro-gan, grassland -soils ... ..... 

3,612 

3491 

3,810 

4,014 

3.779 

.MitrogcTi, .p'iot soils. . ....... 

2-447 

2-,565 

2 -,682 

3^370 

3»379 

E-xcess over plot Toils,. ,, :. .■ 

1.465 

, 1,0,26 

1 , 1 28 

■644 , 

400 

jPereentage excess over plot soils ■ ^ 

1 68.2 j 


■ 42.1 i 

■ 19. :i: 

STIS' 

Organic matter, grasslantl soils 

i 80,5.503 

1 ■ -80,625 1 

1 ■ 83,900,.; 

85,156 

81,150 ■ 

Organic matter, plot soils. ..... i 

::50,075 1 

58,76tf 1 

58,600 

69,050 

73,000 

Excess over plot soils i 

: ,:.30,475.- i 

.60.8,8 

■■ -2,1,925 j 
. ^374 J 

■2-4,300-| 

■„, : 41 .5-:; 

I: 1 6,100 ; 

, ■’8,150 ’ 

’ , 11,2 

Percentage excess over plot soils j 

!;■ 23.3-.^ 

Carbon-nitrogen ratio, gras.sland 

12.9 

ss.:JS,q:' 

:.T2.6 i 

1 12.5 

1.2.5 

Carbon-nitrogen ratio, plot soils 

13*5 

l ^ 13*3 - 


\ M24. 

t2-,6 ; 
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Table j.— -N itrogen, organic matter, and carhon-nitrogen ratios of grasslatid{dinswn} 
strips) and plot soils of tier j after $4 years {186^1 p22). 


Pounds per acre nitrogen and organic matter 




Plot treatments since 1881 



Un- 

treated 

(14) 

PK 

(15) 

PKN 

(27) 

Six tons 
manure 

(16) 

Six tons 
manure 
-P lime 

(22) 

Nitrogen, grassland soils 

3.630 

3>74<^ 

3,830 

3.980 

4,290 

Nitrogen, plot soils : 

2,470 

2,964 

2,880 

3,330 

3.690 

Excess over plot soils 

1,160 

776 

9 $o 

650 

600 

Percentage excess over plot soils 

46.9 1 

26.2 

33-0 

19-5 

16.3 

Organic matter, grassland soils 

75,600 

78,500 

' 79400 

85,900 

90,700 

Organic matter, plot soils 

55,500 

1 62,000 

59,600 

! 72,600 

78,500 

Excess over plot soils 

20,100 

36.2 

' 16,500 

19,800 

13,500 

12,200 

Percentage excess over plot soils 

26.6 

33-2 

1S.3 

15.6 

Carbon-nitrogen ratio, grassland 
soils. 

12. 1 

12.2 

12.0 

12.6 

12.3 

Carbon-nitrogen ratio, plot soils 

13.0 

12. 1 

12.0 

12.6 

12.3 


the sampling periods (1922-1940) are shown in Table 8. In each case 
the grassland soils adjacent to the plot areas showed a substantial 
gain of nitrogen and organic matter equivalent to an average of 
276 pounds of nitrogen and 11,550 pounds of organic matter, or an 
average annual gain of 15.3 and 642 pounds, respectively. With the 
exeeption of the untreated area, the plot soils vShowed relative^ 
little change in nitrogen and organic matter content during the :iS- 
year period. The small differences, especially with respecd to the PK 
and PKN treatments, are within the limits of experimental error. 
It is of importance here to point out the fact that the grassland soils 
at the end of 72 years (1869-1940) in continuous grass still show a 
gain or continued accumulation of nitrogen and organic matter. 

If we assume that the average animal yields of grass removed 
from the division strips has been 1,000 pounds per acre (a conservative 
estimate), then the nitrogen removed annually in crops of grass 
would be approximately 25 pounds and the soil gain has averaged 
15.3 pounds or an annual nitrogen fixation of 40.3 pounds per acre, 
excluding the small annual amount added; in rainwater and snow/^ 

INCREASE IN NITROGEN AND ORGANIC MATTER CONTENT OF 
GRASS ROADWAY SOILS DURING A PERIOD OF 32 YEARS 
(1907-1938) 

Table 9 includes the data secured from a study of the grass road- 
ways in 1907 and 1938. A study of the results secured between these 
tw;o sampling periods of 32 years will show that, as in grass strip 
soils, there occurred a pronounced gain in nitrogen and organic 
matter d uring the 32-year period. The roadway soils show an average 

^At the end of a 4-year period of grass in a rim expenment, the average annual 
fixation of nitrogen lias been 42,8 pounds per acre in the absence of clover and 
with no Azotobacter present in the soil. 
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annual gain of 32.3 pounds of nitrogen compared with 15.3 pounds 
(Table 8) for the grass strip soils. This may be attributed to two 
causes: (i) The, grass strips are more severely drained due to dead 
furrows produced by plowing. This would have the effect of lowering 
the water retentive power of the soil as compared to the more flat 
roadway area. (2) The growhli of white Dutch clover in the roadways 
has no doubt increased the nitrogen fixed. The total nitrogen and 
organic matter content of the grass strips and roadivays are quite 
similar. Reference to Table 6 will show that the grass strip soils 
in 1940 contained, on an average of the four tiers, 3,74^ pounds of 
nitrogen and 82,301 pounds of organic matter compared with 3,930 
pounds of nitrogen and 86,700 pounds of organic matter found in 
1938 in the roadway soils. It is of interest to note the relatively high 
pH of these roadway soils which have received no lime since 1867 
equivalent to an unlimed period of 72 years(i867-“ig38). The grass- 
land soils, including both the grass division strips and roadways, 
even after 72 years in continuous grass, have not reached an equi- 
librium with respect to nitrogen and organic matter. Both grass 
areas are still producing a normal growth estimated at from 1,000 
to 2,000 pounds per acre. 

Further evidence of the more rapid accumulation of nitrogen and 
organic matter in continuous grassland soils compared with those 
in a long-time cultivated system, involving a 4-year grain rotation, 
is presented in Table 10. The plot soils data are based on the composi- 
tion of the soil in 1931 compared with the 1938 roadway samples. 
These two sampling periods are comparable, however, since, as 
already stated, the plot soils show only slight variation in composition 
from year to year. Thus, in 1915, the plot soils of tier 4 contained 
on an average 2,698 pounds of nitrogen compared with 2,662 found 
in 1931. The organic matter was 62,400 and 61,200 pounds, re- 
spectively. The small differences are within the limits of experi- 
mental en'or (0.0018% nitrogen and 0.035% organic carbon). 

GENERAL SUMMARY OP THE MAINTENANCE LEVEL 
OP NITROGEN AND ORGANIC MATTER IN THE 
GRASSLAND AND CULTIVATED PLOT SOILS 

At the end of 72 years the soils of the grass strips, based on an 
average of the four tiers, have maintained a nitrogen level 33.6% 
above the five cultivated plot soils and at the end of 54 years of tier 
I a nitrogen level 26.9% above the cultivated soils of that tieiL The 
soils of the two grass roadways on each side of tier i at the end of 
70 years (1869-1938) show an average nitrogen level 48.6%) above 
the general average of the 36 cultivated plot soils and on tier 4 the 
two grass roadway soils show a nitrogen level 48.8% above the aver- 
age of the 36 plot soils. Each tier of 36 plots includes 24 different 
treatments. The plot soil which received 20 tons manure per rotation 
(tier 4) vshows the highest nitrogen content (3,292 pounds per acre 
in 1931). The roadway soil had a nitrogen content 20.3% above the 
manure treated soil. The five untreated plots distributed throughout 
each tier (Nos. i, 8, 14, 24, 36) show an average nitrogen content 
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Tasle 9 . — IncrenMs in nitrogen and mganic matier mnient of gnisdand {roadmiys} 
soils duriiig a 32-year period (igoy-igjS), 


Pounds per acre of nitrogen and organic matter 



Road- 
ways at 
two sides 
of tier I 

Road- . 
ways west, 
side 
tier 3 

Road- 
ways be- 
tween 
tiers 

3 and 4 

Road- 
ways, east 
side of 
tier 4 

General 

average 

Nitrogen, 1938 ...... 

3,980 

3,816 

4,238 

3.684 

3 . 93 ^^ 

Nitrogen, 1907 ....... 

3,169 

2 . 5^4 : 

I S.Oli' 1 

1 2,904 

! 2,897 ■ 

Increase. ........... 

8li : 

[ 1,312 

2,126 i 

1 780 

: b <^33 

Average anniail gain 

25-,5 

4 ! .0 

38.3 : 

1 24.4 

32.3 ' 

Organic inatter, 1938 

96,500 

79,600 

88,600 i 

i 82,200 

! 86,700 

Organic matter, J907 

73 i 6 cx> I 

63,400 

j 68,800 

I- 7 U 9<50 

: 69,400 

Increase. ........... 

22,900 

16,200 

j 19,800 y 

1 10.300 

! i 7 » 30 f> 

Average aannal gain 

716 

507 

1 619 i 

i 322 i 

1 541 

pH, 1938 

■ 6.5 

6.7 

1 ' 6.3 i 

6.8 i 



of 2.292 pounds per acre (tier 4) compared with 3,961 pounds found 
in the grass roadway soil equivalent to a nitrogen level 72.9% above 
tile untreated soil. A siinilar eornparison of tlie soils of tier i shows 
tliat the five untreated filot soils contrun, on an average, 2,284 pounds 
of nitrogen per acre eon]|:>arct.i. with 3,()8o pounds for the average of 
Ahe two grass roadways equivalent to a nitrogen level 74.2% above 
the untreated cultivat.e’d soil as ineasnred Jit the end of 70 years 
(.iHficy-ipjS), 

.-TAiiLE io,-<kneni} sumnmry oj the mntnienapice level vf nitrogen- tmd organic 
matter in gras^siond a?id cnlimded- phi soils, grass divisiopt strips and rmidways 
vs, adiiviiied plot soils. 

/ 'PcHtrids per acre of tiitrogtai and urganuv 


NititJgen, graj^da nd soils, . . 
Nitrogen, cultivated pl<a 

jBKcess 'Over plo.t soils . V 
/ Feiveritage: excess. : . v 
Organic matter, grasslatsd 

soils. . 

Organic matter, cultivated 

V: pldt:;.sPilSv> 

Excess over plot soils 

t : Jfeent^eanCr^se v; t:-. 


Tiers; 1 


1 Tier I,. 1 

Tier 4 i 


.|,“2"'3--4 i 

(average) 

1 TierJ -j 
. grass . ■ 1 

[..'grass J 
1 roadways j 

grass 

roadtvays 


grass. ; j 

[ '.strips VvS. i 

i . . vs. 36 1 

vs. 36 

General 

j strips' vs. , 

1 . 5 plot 1 

; plot ' 

v plot , : 

aver- 

■5 plot 

j soils 1 

j ■ soils . , , 

soils ■ 

age, 

■ soils 

l(average) 1 

! (average) ‘ 

(average) 

67 yrs. 

(average) 

i 1868- ■* j 

1 1869- ! 

I 869- I 


1869- 

j 1922, ■ 1 

I 1938, , 

.193S, . 


1940, 

; 72 yrs. 

1 54y^'s. 1 

'■I 

[ 70'yrs.'® j 

■ 70 yr.s.'^ 

1 


3»74^ 

1 ■ '3394 

1 .. „ 

3,980 j 

i 3^961 . 

, '3396 '' 

; : '■2,803 1 

; .3,067 

' 2,67s ■ 1 

i 1 

2,662. 1 

2,803 

■■■ 943 1 

I'. 827 .. 

1,302 ■ 

4,299 

1 1.093: 

,; ■: ■33.6..:;j 

; ' .,26.9 ■ 

1 ■ , ,48.6 

48.8 . j 

[ ■ /39-6, ' 

i 

82,300 : 

1 ,82,000 ; , 

[:;96,500'.;:;- 

!■ '85,400 : 

, 86,550 

; ' 62,000 : ' 

1 65,600;: ■■^ 

' ■'62,200'' / 

; ■■■:6r,200y. 

1 62,800 

V '20^300 :■ ■ 

i' 1:6,400: 

■■'.■34,300:;:'': 

1 -24,200 ■^ 

! ■ 23,750:^- 




■ '39-5' . , 

■ 37-8 


^Basjed on the 1931 sampling period of plot eojIs (see text). 
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SUMMARY AND CONCLUSIONS 

1. Studies of 20 plot soils (five treatments on each of the four 
tiers) at the end of 72 years (1869-1940) of continuous cultivation 
in a 4-yeai‘ grain rotation and the adjacent grassland areas in perma- 
nent grass for the same period have shown that in every one of the 
20 comparisons the grassland soils have maintained a nitrogen and 
organic matter level considerably above that of the plot soils. 

2. The unfertilized grassland soils at the end of 72 years show a 
nitrogen level 68.2% above the unfertilized plot soil, 40.0% higher 
than the PK treatment, 42.1% above the NPK treatment, 19.1% 
above the soil treated with 6 tons of manure and lime, and ix.9% 
above the 10 tons manure treatment (1881-1940 biennial plot treat- 
ments). 

3. The carbon-nitrogen ratios of the cultivated plot soils and those 
in permanent grass are quite similar. The pH of the iinlimed plot 
soils (tiers i and 3) and the grassland soils were found to be approxi- 
mately the same. 

4. At the end of 54 years (1869-1922, tier i) the grassland soils 
showed a nitrogen level 46.9% above the untreated plot soil, 26.2% 
above the PK treatment, 33,0% above the NPK treated soil, 19.5% 
above the 6 tons manure and lime treatment, and 16.3% aliove the 
plot soil which has received 10 tons of manure (1881-1940). 

5. At the end of 70 years (1869-1938) the grass roadways 011 each 
side of tier i have maintained a nitrogen level 48.6% above the 
average of the 36 plot soils which includes 24 different treatments. 
A similar comparison on tier 4 shows that the grassland soils have 
a nitrogen content 48.8% above the 36 cultivated plot soils. 

6. The grass roadway soils of tier 4 have maintained a nitrogen 
level 20.3% above the plot soil which has received biennially 10 tons 
of manure and a level 72.9% above the average of the five unferti- 
lized plot soils. 

7; The Jordan plot soils which have received biennial treatments 
of 48 pounds of phosphoric acid (P2O5) and 100 pounds of potash 
(K2O) per acre since 1881 have maintained approximately the same 
nitrogen level as the plot soils which have been treated with heavy 
dressings of nitrate of soda, supplying 48 and 72 pounds of nitrogen 
per acre. Thus, on the two unlimed tiers (i and $), the NPK treat- 
ment has maintained a nitrogen level only 4.8% above the PK- 
treated plots compared with 4.3% for the two limed tiers (2 and 4). 

This significant fact, together with the high nitrogen content of 
the untreated grassland soils, serves to emphasize the importance 
of the nitrogen fixation in the scheme of soil fertility maintenance. 

The only source of energy materials supplied the '^grassland soils 
since 1867 has been the sloughed off roots of grasses and weeds and 
the crop residues (roots and stubble) in the case of the plot soils 
which have received no manure. 
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CYTOLOGICAI AND GEWETICAL STUDIES OF THE 
. INTERSPECIFie CROSS OF THE CULTIVATED 
■ FOXTAIL MILLET, SETARIA. ITAIJCA (L,) 

BEAUV., AND THE GREEN FOXTAIL 
MILLET, 5. VIKIDISL.^ 

. H. W. Li, C. H. Li, and W. K. Pao^ 

T he cultivated foxtail uiillet, Sc^ari’a italiea, is extensively growrf. 

in the Far East, notably in China and India. Its wild relative, 
the green foxtail, 5. r/rfJL, which is a tiafive of the nhl world ac- 
<‘orc1ing to I^per (6);" differs from the cultivated forms in many 
respects, such as growth hahiL plant height, seed shattering, >et<c 
The disiribulion Crf the green foxtails in China, from IMancliuria to 
vSoiulnvest China, is in close association with the cultiwitcd form. 
That is to say, wheavver the culiivated form is seen, iTievitably the 
wild form iilsn vnn be frnuKi. Bulb forms furthennone have nine 
pairs of c'hromosoines. In short, they are, in many respects highly 
related. It is, ilierefore, of much interest lo dteiennine tlieir relation- 
ships cytologically anti genet ii'ally, 

WATEHIXL AND \tirr!hH)S 

A nmuhor nf attein^^ts luce licvii !iKi(ie tu iiyCnHwe these two species arth 
fuhally but without sueress. In hybritfealinn aj^ain was Irioi on a large 

seulo and a tiuinher of supposedly hyhrul setals were ohtamcHl. However, only 
one plant among all those ynuvn niawed P» In* a hybrid. Hie N. iiaiica was the 
female ^jareut of tins tro^s. The hybrid ]hatit wav- grown earcfullv in aneaiiia'ii 
pot. The heails wen ‘ bagged to avoid oross pollinatinin Xevertheh*j.s, some seed.s 
from unbaggi'd (lowers were grown an<i Wire, sown in order to increase the sisa* c»f 
the F;- popiilatioiL 

Some 4.000 seeds were sown in wooden thds in the greenhonst^ but only half 
nf these germinated, Wiieii the .seedlings reached a height of about i iiuh, they 
were transplanted the field, being set 2 inidies a]>art. The final xi^’^pnlaiion of 
the F'i generation was 1,250 plants. Careful ttH'ords were undertaken f>n eai:h plant 
from time to time, both in the ileld and in the h'ib« oratory. 

In the F- generation, 100 Hues wore grown in order lo verity the F2 ratios. Tlie 
final population of each line was 45 to 185 plants, but a majority hv-d more than 
100 ]dants. About 78 lines were carefully studied, while the other 22 lines were 
discarded because of lack of time for detailed study. 

For cytologiral sUidy of the ]io 1 ]en mother cells, the head.s were fixed in aretic> 
alcohol (t piwt glacial acetii* acid an<l 5 parts ab.snlute edcohol). After about 24, 
hours, they were transferred from the fixative to pef’f alcfdiol when' they remained 
for i or 2 days an<! then they were preserved in 70b alcolmb The a^vto-car- 
mine smear methoil was used exclusivi^ly. 

lodine-potahsiuin iodide was used as a stain in pollen analvMs, 


journal series No, p of the Rice and Wheat lmpro\ mieni Institute of the 
Szei'lnum Provincial Agricultural Inp nrwa men! Instituti*, Clnhui. Keceive<! for 
publi<’aiion Augu.st i8, 1944, 

^Director of the Rice and Wheat bnpnn'emeni Institute and Professor of 
West China UnioiyUmvensity, Assistant Professor of West China Union Uni- 
versity, axtcl Technician of the Sxeclutan Experimental Station of the klinistry 
of Agriculture and Forestry, respectively, 

■ ^Figiires in parenthesis refer to '‘LiteraUire Cited'\ |>. 54; 




GENETICAL STUDIES OP THE HYBRID 

The female italica parental strain is resistant to kernel smut The 

Sow thf found ev^ 

along the loadsides or m the field as weeds (Fig. 2). Alto°^ether 

eight qualitative characters were studied, as follows: ' 


Species 

Seedcoat., 

color 

Pericarp 

color 

Endosperm 

color 

Seed 

shattering 

S, italica , , . . 
S, viridis ..... 
Pi 

Korra-bxiff 

Black 

Black 

White 

Black 

White 

White ■ 
Yellow 

Yellow 

Non shattering 

Shattering 

SJiattering 


Growth habit 

Plant color 

Bristle color 

Antlier color. 

S, italica ..... 
S. viridis . . . . . 
Fi. 

Erect 

Prostrate 

Prostrate 

Green 

Purple 

Purple 

Green 

Purple 

Purple 

White 

Brown 

Brown 


In the eight characters studied, the Pi plant resembles the . 

type exoyt (or pericarp color. That is to 4 U 5 fSive rf ftc 

mll'rTl °t the dontiirrt facte H„44 i5 

must be borne 111 mind that m the selection of the i7a/ica nirent the 
type that has sapposcdly „,a„y recessive factors y 


CYTOLOGICAL STUDY OF THE HYBRID 


In, ^ al (3) reported 9 _ chromosomes as the haploid number 
totn S. italica and S. mridis found in Honan Province, China. 
Knshnaswami, et al. (2) reported the same number in 5 . italica. The 
haploid number of both parents, S. italica and S. viridis, in the 
piesent cross was also determined to be 9. As expected, the hybrid 
had 18 chromosomes and formed 
9 chromosome complements at 

meiotic diakinesis. The pairing A 

between all the 9 pairs seemed to ( ■fc w \ 

be perfect (Fig. i), and all the / / "% ” 

stages subsequent to diakinesis ( A \ • / | 

up to the ciuartet appeared to be | / j 

normal. However, from pollen 1 \M L / / 

analysis, about 70% of the pollen y 

grains were rather deformed and ^ 

devoid of starch. Sterility in the Em. i.— Diakinesis in the F, hybrid 
hybrid seemed to be high as an between Setaria italica and viridis 
estimated 30% of the snikelets complete pairing of diro- 

were empty. The time and man- 

ner of the degeneration of the pollen grains still remains to be deter- 
mmed. The sterility ot the Fa generation varied from very high to as 
low as that of the parents. It seems, therefore, that stenlitv is in- 
herited. Owing to the lack of sufficient time and the difficulties in 
determination of the percentage of empty spikelets, 
the steiility factor has not been studied in detail. 
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ence-Ao. , other types, Iii addittori 
studied,, there ore :other c|uantitati 
as.' welh. such as' tlie 'heiglit of plant, 


to these qucditative' clmracders 
re characters under observation 
uuinber of tillers per plant, time 
of heading, and the Icngtii nf 
the head (Figs, 3 and 4). All 
'these ■ C|u an i ve eh aract ers , 
studied are intermediate for Fi. 
Uniniodal distributions are 
■ obtained when . ' the ' measure- 
ments are plotted graphically. 
Particular reference should be 
made here to the fact .'that 
several of the characters such 
as the width of the leaf, number 
of tillers per plant, and the 
height of the plant, show trans- 
gressi've segregation in the see- 
oirI generation. All these show 
the possibility that several fac- 
t«:>rs are involved in the mani- 
festation of these c|tiautitative 
eh ara( 1' ers . U 1 1 f ort u na tel y , no 
further stnihes have been un- 
dertaken. 


S.EEf3COAT COLOR 


. a."- fvf "the' |>arenti? (iiid 

their: livhrid, A, Seturia.ihdim; B, N. 

AY viridis ; ■ C , A. ^ mridis , 
of jseecl .shattering. 


, as ■ shown in Table t. 


'■ When : the korra 4 :mff colored 
seedt*o^d: ■ of ■ tlaliai parent is 
■ crossed with the . blackcoated 
■:mrM 4 si Fi is black and Fs segre- 
gates for Idack, tawny buff, 


Table i. — Segrei^,aiion for seedcoat color in the Ex generation. 


■Seedcoat: color 

' ‘ 1 Observed 

Calculated 

Ratio 

■Black...., 

545 

52744 

27 

Tawav bufi . ,■ . , ,■ 


17.5.78 

9 

;Korra bull., . . .V.' 

527 

1 ^ 546.H8 : 1 

■ 28 ■ 

'Total. 


! .1,250.00, i 



X- 1.342 

p = .5(3 



The Fo segregation is explained on ihc^ supposition that it involves 
The infetiictionrrf three factors, R, Vi, and B, R.and, VI tire the coniple- 
mentary factors for the production of tawny buff, and B is a supple- 
mentary factor for the production of l)lack pigment in the presence 
pf ''R::atM'; Vi. vThudhedretlctd 

buff is, therefore, 2 7:9’sS.. The fit between the observed and the 
calculated, as indicated by the P value {.513), is quite good. More- 
over, this is further proved to be the ease by the segregations of 



LI, ET AL. : CROSSING IN MILLET 35 

the F2 black seedcoat plants. vSince the black pigment of the seedcoat, 
as supposed, is due to the co-existence of all these three factors, then 
four types of segregation, namely, 27 black seedcoat to 37 others, 9 
to 7, 3 to I, and pure breed of black in 8:12:6:1 ratio, must be ex- 
pected in F3. This expectation is realized by the F3 data as presented 
in Table 2. 

Rangaswami Ayyangar (7) and Li, et al (4) reported that there 
are three independent factors, K, R, and B, in interaction for the 
manifestation of the different seedcoat colors as follows: 

K R B Black k R B Sepia 

K R b Tawny buff k R b Red 

Kr hi buff Tawny red 


-Some variants of the F 2 progeny of the cross 3. Uali 
showing variation in number of tillers and nf 


36^ or thk 

■ I ABIE 2 . Segm^niiM hr ^ieedrtmf a-., ir .■■',■ 

Calciilatt'd 




Segregateil tvi 

. 1 liliserved 

27 l>la 

.ck 

A7 otliers .■ . ■ 

"r" 

9 bia 

ck : 

7 otiien-, . 

■* d X 6 

8 fola. 

ek ; 

1 other. . 


All hh 

ek : 

No 'Otliers 

i ^4 ■ 




6r 


19.84 

29.76 

14.88 

2.4S 


Ratio 

5 
12 

6 
I 


_ 66.96 

.6x8 


= 1,810 F = .f„,s 

goS '» the homozy- 

colors should appear In Sdidon tol 

iactor Vi, hereby introduced haS pKJSent set. Therefore, the 
production of black pigmait LhOn Ibo for the 

^ piyncnt only m the presence ot the factor K. 



is y'ellow for mridis and 
segregates into about ? 




4- Some different head types of the P, 


progeny. 
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yellow to I white, as shown in Table 3. This is a simple Mendelian 
segregation with, yellow dominant over white. The^ Fg data (Table 
4) have proved it to be the case. The factor pair is, tlierefore, as- 
signed Yy. 


Table 3. — Segregation for endosperm color in the generation. 


Endosperm color 

Observed 

j Calcidated 

Ratio 

1 Difference 

Yellow 

939 

937‘5 

3 



White 

311 

312.5 

I 

1 

L 

1.5 ± 15.31 

Total 

1,250 

1,250.0 


1 

Table 4 . — Segregation for endosperm color in the Fz generation. 

Segregated to 

Observed 

Calculated 

Ratio 

All yellow 


23 

17-5 


r 

3 yellow : i white. 


35 

35 -C 


2 

All white . . . 


12 

17-5 


i 

Total i 

70 

1 70.0 



- 3458 

P — .183 




In the study of the endosperm of the foxtail inillet, Li, et al. (4) 
reported that white was found to be dominant over yellow. These 
ttvo yellows might be different entirely or an inhibitor ma}^ be in- 
volved when white is dominant over yellow. 

SEED SHATTERING 

The foxtail millet has its seeds intact when mature. On the other 
hand, the seeds drop off from the wild foxtail as they mature. The 
ripened seeds drop off rather badly from the hybrid but not to the 
extent as from the viridis parent. In the classification for the and 
Fs generations, an arbitrary standard was adopted. Types like the 
hybrid would be classified under shattering. From Table 5, the 
difference of the observed frequency from the calculated is less than 
twice its standard error. Thus, it can be concluded that the in- 
heritance of seed shattering is due to the interaction of two comple- 
mentary factors, S and H. 


Table 5. — Segregation for seed skaitering in the Fy generation. 


Mature seeds 

Observed 

Calculated 

Ratio 

Difference 

Shattered. . 

732 

703 

9 


Nonshattered ; . . . . ' 

518 

IX 1 

04 / 

7 

29 ±17.54 

Total. . 

1,250 

1.250 




The seed-shattering character w^as not taken into consideration 
in selecting F2 plants used for raising F^ generation. According to 
the stated factorial hypothesis, the Pg lines would be sorted into 
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four groups, e.g,, segregatm,g for 9 shattering to 7 nonshatteriiig, 
3' sbatteriiig to 1; . noiiriiattering, ■ and ptire shattering, pure ■non- 
sliattering, in the relative proportions 4, 4, 1, 7, respectively. These 
four groups are realized in the Fn generation (Ta!3le 6), although the 
frec|uendes are rather significaiitly different from the calculated ones. 
It seems probable, however, 'that two. faetors are definitely involved 
in such a mode of segregation. 


Taple 6. — Sefiregaiion Jtw smi slmtiering in iJie geriemtimi. 


. . : -Segregated to 

Observed 

C:a.lcttlated 

Ratio 

' ............... 

n shattering : 7 non. 

22 

.17.00 

4 

3. shat.terifig : i. non. ................. 

bi 

17.00 

4 

Al! shattering 1 

1 9 

1 4-5 

i - 

All noBshatterin-g 

; H 

1 '■29.75 

7 

Total 

\ 68 

1 ■ 6S.00 



.x:= = 8.832 

P - .035 



SEEDLING TYPE 

The italica ].>areiit has practically .no tillers and. is erect in ha-bit 
of growth b whereas, viridis t.illers profusely and is prostrate in t.he 
seedliiiig stage. The Ph plant has many tillers and the growth habit, 
although .somewhat intermediate, simulates closely the prostrate 
type.' All -degrees of profuseness of tillering and erectness of growth 
habit were manifested in the F2 generation. Plants with few or no 
tillers resembled the emct type. When tillers are formed in great 
abundance, the'classiffcation for growth type becomes quite difficult. 
Therefore', the. classification of the Ps plants was by no. means exact, 
"although the plants were carefully obseiwed. About 695 plants out of 
■1,250 Fs population wez'e classitied as prostrate. If two complemen- 
tary factors, are hypothecated to explain the result, the fit is quite 
■good.. Prostrate Ps plants only were used as seed stocks for the Fa, and 
of 78 lines tested, 52 segregated and 26 bred true for the prostrate 
type. .This is a ease of simple Mendelian segregation. It can be con- 
cluded, therefore, that one factor pair Ps ps is involved in the inheri- 
tance of seedling type. The dominance of the prostrate gene Ps is not 
complete, and the expression of growth habit is influenced to some 
extent by the profuseness of tillering. 

- '■ PLANT COLOR . 

The seed parent 5 . italica is green in all the vegetarive |>arts both 
in the seedling and the mature stagi's. On tl"K,‘ other han<l, the male 
■"parent iS'rintenseiy;: purple,; especially in' the " stem nodes 

and leaf-sheath junctions. The Fi i"cscml>les the iwidis |:)arent. In 
addition to the parenltd vnlor types, i.e., green and intense purple, 
a light purple type segregates out in the F2 generation. The obseiwed 
and calculated frequencies arc shown in the Table 7. 

The calculation is based upon the supjiosition of the interaction 
of two factors, P, a main factor for the prochiction of purple pigment, 
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and In, the intensifier of the factor P. The agreement between the 
observed and the calculated frequencies is very good. 


Table y .—Segregation for plant color in the generation. 


P.Iant color 

Observed 

Calci-ilated 

.Ratio 

Intense purple 

700 


9 

Light purple - 

230 

234,37 

3 ■ 

Green. 

320 

312.50 

4 

Total 

i I r250 

1,250.00 



X- - 0.276 

p = 0.872 



Only intensely piuple F2 plants were used in raising the F3 genera- 
tion. The F3 data as presented in the Table 8 have proved that the 
above-stated two factor hypothesis is valid. 


Table 8. — Segregation for the plant color in the F; generaiio?i of progenies 
of purple F2 plants. 


Segregated to 

Observed 

Calculated 

Ratio 

9 purple : 7 others. 

35 

3 1. 1 1 

4 

3 purple : i light purple 

14 

15-56 

2 

3 purple ; i green. 

14 

15-56 

2 

All purple 

7 

7.78 

I 

Total 

70 

70.01 



X“ - 0.883 P -• 0.830 


Rangaswami Ayyangar, et al. (8) studied the inheritance of the 
purple pigmentation of the foxtail millet and postulated that the 
different color tones are due to the result of the interaction of four 
factors, P, I, V, and H, The effects of the factors P and I correspond 
with those shown for P and In above, whereas V and H were assumed 
to affect the expression of purple coloration in the vegetative parts 
and in the earhead, respectively. Six color types were iised in their 
classification. It is well known that the color intensity of the vegeta- 
tive parts is, to some extent, affected by changes in envmonmental 
conditions, such as temperature, drought, and fertility. In the piesent 
case, however, the light-purple coloration can be easily discerned 
by its faintness of purple pigmentation whatever the environmental 
conditions may be. Within the purple type, it must be confessed that 
the color intensity does vaiy to some extent. Since such variation, 
perhaps of less extent, also exists within the different tillers of a 
single plant, it ^becomes quite difficult to classify these minor varia- 
tions into defiBite categories as was done by Rangaswami Ayyangar, 
et al. (8) . For this reason, no attempt has been devoted in the verifica- 
tion of the presence of the factors V and H. 

BRISTLE COLOR 

The bristles of itaUca are green, while those of viridis and the 
hybrid are purple. The segregation for the bristle color in the F2 
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generation is soiiie'wliat complex when the tliree classes, purple, 
light purple, and, green, were adopted in classilicatioii* ' Unlike the 
plant color, no sharp demarcation exists between the' purple and 
light-purple, types of bristle. For the sake- of siniplicit\^, the two types, 
purple and light pur])le are c'ombincd into one, I'hc observed ratio 
thus (\-ui be explained Iry assuming the presence of triplicate factors 
Pfi, Pr2, and Pr^^, with Pvi and Prs linked together. In the presence 
of any of tlie triplicate factors, tlie Inistle coloi" will be purple. The 
crossing-over' value as calculated by means of pislier's ma,xiniiirn 
likeliliood method' is 20.81%, The calculated frequency fits well to 
the^ observed (Table g), ' , " ' 


Table 9 . — SegregnHon fer iue brisile coior in the generaiimi. 


Bristle, color 

. 

Oi:>served 



Calculated 

Ratio 

Difference 

Purple. i 


1 ,200.78 

J5G7 i 


Green l 

49 

1 ' ' 49^22 

0.63 

0.78 i 6.88 

■ Total - 1 

] ,35a ■ 

‘ 1,250.00 : 




All ,F2 pla,nts used as seed stochs for -the F^ generation, had purple 
bristles. The Fa data a, re ];]rescnted in Table to. 


Table ii>.—Segrc^iiiOtifor the hrisiie cniiir in the /C ^[eneraiion i:>f proge?ries 
of pnrpie brisHed /t plants.' 


1 

SegTegat.ed to . 1 
> Purple : Green j 

" ’ ■ ■ ’ ’'" '1 

Ul:!;aa'\'od . 

1 Ca-leiilated 

Niunbcr ■ i 
of lines ■ j 

. ' Average- i 
1% ■ of green- 

Number - j 
of lines | 

% 0f . 

sreeti 

R.at.io 

- 3 : I (iiidepeudentj | 

m . i 

27.63 

1 8.71 ■ 1 

25.00 

-1.9134 ■ 

' 15 1 (independent) | 

10 I 

8.12 

1 6.00 i 

6 .25 

1.3184 

'i'5 : i (repulsion)' | 

: ' 3 i 

143 

1 0.40 

1.08 

0.0S66 

■ 63'::, I (repulsion). ■ 

^ . 0 ' ^ 



I ' ,0.79 

1 0*27 

0.173a 

' i’5 : 1 (coupling) ; 

i '17 'i 

14,81 

! 5*7 ^ 

i 5 -b 3 

1.2542 

; 63 : I C'coupli'ng) 

! 6 , 


1 1 .42 

3 - 9-1 

2.5084 

All : 0 ■ 

I 2! 

0,00 

36,97 

0.00 

8.1187 

: 'Total'. ! 

! ' 70 ■ 1 


1 70.00 


15-3729 


The ntunbxT of lines is too small to fit such a complex ratio for the 
segregation in Fa, Moreover, the number of plants r)f each line wa.s 
not large eiiotigli as to disti.nguish the six segregating types with a 
high degree of acenracy. Then'll tc, it seems to be utmtMX'Ssary to 
irse the X- lest. Put, from the data, it- is clear that the ol)Servcd 
frequency has a general Icinloncy to c«)incidc with tlie expected otic. 

ANTHER (a')LOR 

The iialica parent has while anthers and- the iiridis Itrownish yel- 
low anthers. The Fi is brownish yellow. In the F2 generation, 867 
of 1,250 plants had brownish yellow anthers. This deviates signifi- 
cantly from a 3:1 ratio (dill. 70.5^15.31), thus suggesting some 
factor or factors that disturb the normal ratio. From the fact that 
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many F2 seeds do not germinate, together with the high sterility in 
the pollen grain, a lethal factor linked with anther color with a cross- 
ing-over value of 25.67% is hypothecated. This seems to explain the 
situation, but when linkage relations with other characters ai*e 
studied, this hypothesis must be abandoned. A gametophyte factor 
linked with anther color might be suggested. vSuch a hypothetical 
“gamete” gene, Ga, in maize was proposed by Mangelsdorf and Jones 
(5) and by Emerson (i). The action of this gene, however, is not yet 
fully determined. In the case of maize, the ga pollen in competing 
with that of Ga can function on the Ga pistil from zero to about 4% 
in the production of kernels, according to Emerson (i). The percent- 
age of the functioning ga pollen is thus negligible. For this reason, ga 
pollen is assumed to be wholly functionless in competition with the 
Ga pollen in the present case. This assumption will be proved in the 
later calculations. 

The g^etoph3de factor Ga is linked with the brown anther color 
factor Br in the repulsion phase, since the white anther plants are 
in excess in the F2 segregation. Let p and q be the ratio of the non- 
crossing-over and crossing-over gametes, respectively. Then the ex- 
pected frequency of the brown- and white-anthered plants in the F2 
generation can be formulated as p^+3pq+2q^ and p^+pq, respec- 
tively. In equating these formulae with their respective obserA«"ed 
frequency and solving the equations for p and q, the crossing-over 
value between the genes Ga and br is calculated to be 38.72%. 

Seed from plants with only brown anther color were used for 
growing the F3 generation. According to the stated hypothesis, three 
lands of segregation may be expected for the segregating lines in 
the F3 generation. These are segregation with recessive phenotypes 
in deficiency (about 19%), normal jabout 25%), and in excess (about 
31%). Actually, the percentage of the recessive varies widely among 
the segregating lines, 39.71% for the highest one and 15.29%, the 
lowest. Since the population of individual lines is too small to discern 
the above three kinds of segregation with reasonable accuracy, the 
plants were classified under only two categories, segregating and 
nonsegregating. The disparity between the observed and calculated 
frequency is insignificant, with a difference less than twice its standard 
en'or (Table ii). The detailed calculation pertaining to this will be 
stated later. 


Table ii, — Segregation for the anther color in the F3 generation of progenies 
of plants with brown anthers. 


Type of line 

Observed 

Calculated 

Ratio 

Difference 

Segregating ... . 

Non-segregating 

67 

3' 

62.48 

7-52 

572.1854 

68.8171 

4.52 d= 2.59 

Total. 

70 

70.04 

641,0025 



PERICARP COLOR 

The Fi plants from the cross hetween italica (white pericarp) and 
viridis (black pericarp) had a white pericarp. In the F2 generation, 
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■1,020 of' 1,250 plants had .a white peric,Tirf) and t!i.e remaining 230 
plants were- tflaek. Iliis result, can be explained- satisfaetoriiy by the 
interactioii of two factoisoone for the manifestation of black pig- 
iTierit and ariotlEw for aalooiinant inhibitor of the color gene., How- 
ever. wlitni this ehaitater is studied in cornliination with the anther 
C‘o1oi% it reveals that these two' eiiaraciers are i'O some way linked. 
Since i'lte antlier color is linked. wi.th the ganietophyte factor, Ga, so 
l:>y inference Ga is also linked with the pericarp color. It seems, there- 
fore,- that' the F2 ratio .for pericarp color isiiot due- to the interaction 
of' two- fiictors as stated, but due to the' dist.uriimc€' of 'a simple 
M,eiid.e!ian segregtition by tlie sarne .gaTnet.ophyte fac‘tor Ga, as for 
the- anther color. By means of the same method as used above, the' 
crossing-over value laetwe-en the gene Ga and,' the fa.ctor -W for' t.he 
'wlhte pericarp- color is calculated to be 36.80%. 

All F"2 plants used for testing in the generation had a white 
periia'irp. The obscrwd pro]:)oriion of scgn\gating and iionsegregating 
lines of the fits satisfac'torily with the (‘alciiiaicd one based on 
tlie h34:K:Hwsis (Tabl^^^^ 


Table 12.“ Set^rega lion far iJw pericarp color in ihe /t; (ieneratmn. 


Ty])c- of line 
Noiisegregatij-ig . , . 

■ Total, ......... 


Obstnvfti j CaleiilaU'd 

58 I fio.43 

' m j 9.57 

70 i 70.00 


Ka.tio 


87. 66 17 


.| Dillerenee 

I 

! 2.43 ±2.87 


UNKAGE RELATION BETWEEN ANTHER AND PERICARP COLOR 

■The ;o!)<crved imquene}^ for the anther and pericarp color com- 
bi tied shows- that tlieif factors 'are linked. These factors are also 
linked with the gaiiietopliyte factor Ga.with, a cnissing-over value 
of 38,72 for the anther co'ior (Br br) and of 3 6. So for the pericarp 
color (W' - 'w), Thus, there are only two possibilities- for the- linear 
arningemeot of these three genes, namely, W G-a br and.G-a.W br. 
If the fonner be the case, the linkage relation between, the- W and br 
should be loose. However, it is- not' so judging from the F2 data 
(Table 13). (hi the other hand, their relation seems to lie quite 
intimate, showing, the order of the. genes to be Ga. W, br. As the cross- 

■ Tabl.E ' 13 .- for aniPer and pericarp color in ike .gemmthn. 


Anther ...color VC j -Pericarp- coU>r 


Bnwvii 

Wlh'te 

'W-h-ite: 


Wlnlc 

Bl.-iek 

Wliite 

Black- 



Olsrcrved frequency- 


■ ■ ,,64,1 

-226 
' 376 

■ 4 - 

I .,250 


p;W Tatiaol neji-cramfig over •■^rralio ewer betw-eeii.-Ga: 

-ami-;W:,br-E4--..:-rOatkt«4; Br a.VM;Ga, garijCte,- 

aikl GtC.brrx nitio Ga pollen af'jc- - fencdcOat-ga- 

ptilpn. _ , 

'-v -y- +-T total population et thif Fje 



LI, ET AL. : CROSSING IN MILLET 


43 


ing-Gver value between Ga and br is larger than that between Ga 
and W, it seems to be untenable to adopt such a linear order as Ga 
br W. 

By means of the checkerboard method it is easy to derive the 
formulae for the expected frequencies in terms of p, ci, q', q", and x. 
By equating the formulae each with its corresponding observed 
frequency, the unknowns may be solved by solving the simultaneous 
equations. However, this cannot be done without assuming a value 
for X. It is possible to represent the p, q, q\ and q'^ in terms of x 
alone as follows : 

p = (2i.g2iix-7.9oo7)/(2X“i) ; q — (2i.92iix-i4.0207)/(2X-i) ; q' 
= (3.o789X-i.2993)/(2X-i); q" = (3.o789X-i.7793)/(2X-i). 

As q" represents the ratio of double crossing over, then the formula 
of coincidence can also be derived in terms of x alone, as follows: 


Coincidence = 


(q+q'O (q'+q")/2S 


(50X-25) (3.0789X-1.7793 ) 

( 2 5x- 1 s . 80) (6.157 8 x-3 .0786). 


When X, the functional Ga gamete, varies from 0.50 to r.oo, the 
calculated coincidence is as follows : 


X 

Coincidence 

0.5c 

0.0000 

0.60 

-0.6898 

0.70 

I- 79 SO 

0.80 

1,3218 

0.90 

1. 2017 

1.00 

1.1469 


Not all these values are reliable, but the last one, 1.1469, based 
on X equal to i.oo seems to be closer to unity. There are possibly 
three causes for the numercial value of coincidence exceeding unity, 
viz,, (a) the error of sampling, (b) the double-crossing over having 
taken place between Ga and br region, and (c) the occasional failure 
of synapsis of the homologous parts of the chromosome concerned. 
If X be adopted as unity on the assumption that no ga pollen is 
functional, the four unknowns may be calculated with the following 
values : 


P 

q 

q' 


14.0204 

7.9004 

1.7796 

1.2996 


Converting these values to the percentage of crossing-over, we 
obtain: 


Noncrossing-over 
Crossing-over in the first region 
Crossing-over in the second region 
Double crossing-over 


56.08% 

31.60% 

7.12% 

5.20% 
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Then the linear order of the three genes may be 'mapped in the 
■following diagram : ' , 

■ Ga W hr 

1 j ■ ! 

For the Fa generatiorn only such plants witii brown anther and 
whiter peri'earp were selected. The F;^ data are preseriied in laible 14. 
The expected frequency may he calculated 1 :)y the formulae which 
can be easih^ derived by means of the checkerboard diagram: of Fo 
genotypes- The observed frequc?ncies fit tlie calculated ones ratlier 
.closely with, a P value of 0.277. 


'Table 14, — Se.gregati(m for mither and pericarp color in the Ft generation. 


Anther j 
■ color ' 1 

Pericarp 

eolrjr 

1 i 

1 Ob- 1 

1 served 1 
i ' .j 

Cab 1 
lated 1 

i Ratio ; 

Formula ' 

Segregate I 
ing i 

Segregar- 

ing 

1 i 

i ^0 

53-51 

490.0035 

! 2qTi " -i- 2 pq + q" qH- + q "= 

Segregat- 
ing 1 

Nonsegre- 
1 gating 

1 j 

i 12 i 

8-97 

82.1819 ; 

1 2pct+pcy^-i-qcy 

Nonsegre- 

gating 

' Segregate 

1 i^'ig 

1 ! 

! i 

i 3 i 

h.92 1 

63*3373 

: aqcp ■t'qq'‘-fpci; 

Nonsegre- 

gatitig 

1 Nonsegrc'- 
: gating 

j . ! 

j 0 1 

iLLo 

5.479S 1 

qcy-fcG 

Total. . . 


1 /C i 

70.00 


i " ■ ■ 

1 


X" P - 0..277. 


LINK, AGE RELATION. .BETWEEN ..PLANT COLOR AN 0 BRISTI.B COLOR' 

The plant c‘olor tyjac^s were «:l.assified. together with the l..::)j*istle 
color and tlie resultant frequencies obtained are show.n. in Ta.ble 15. 


Table 15, — Segregation for plant color and bristle color in ike generation. 


Plant color 

Bristle color ' 

Observed frequency 

Formula 

Purple 

Purple 

696 

■ a(x -t-Y) d ex 

Purple 

Green 

4 

: ey 

Light purple ' 

1 Purple i 

21 1 

’ pTxdyldhx 

Light purple i 

1 . Green I 

19 1 

1:1 y 

.. . Green i 

' Purple 

294 

( ad 0 } (ydz) d (edh)Y 

Green 

Given 

26 i 

1 (e-i-h)z 

Total. . 


i 

1 ( a d. d d e '4- h) .(x '• 4 - 23 ’' d 


It can bo noticed at onci‘ that jnirple plants did not always have 
cokired bi‘LstU*s nor did grecai plants neec.ssarily ha\’(‘ givcai luisiles. 
It scems» therefore, that the fat.t-ors deterniioing tlu* (.Tdor types for 
the plants and the bristles are linked. Aci'onlingly, it is assumed that 
the genes In, Pri, and Pr^ are kxaited in one chromosome^ and P and 
Pr;i in another. From this assumption, let a, b, d, e, f, g, and h be 
the frequencies for the phenotypes In Pri, Pr2, in Piq IT 2, in piq P,to, 
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In^i'i Pr2, In pn pta, in Pi-j pra, in pri Pra, and in pri pra, I'espectivelv, 
and X, y, y, and z be the ratio for the other phenotypes P Prs P prs 
p Prg, and p pr,,, respectively. As stated before, in the presence of 
any of the triplicate factors Pr^, Pr,, or Pi-g, the bristle color would be 

j c, and d nor b, f, and g can be dift'eren- 

toted from one another. Thus, let a = a+c+d and d = b+f+g. 

hen, the theoretical formulae for the frequencies of phenotypes can 
be written as shown in Table 15. By equating each foimula with its 

observed frequency, and solving the simultaneous 
ccjiiations, the solutions are obtained as follows i; 


a = 902. GO 
= 150.57 
e = 33-98 

h = 161.43 


^ = 0,6356 
y == 0.1177 
z = 0.1330 


coSh;ution^Tn*Pr'^V‘''^‘^ *^6 proportion of gametes with the 

constitution In Pn Pr^, or m pn pr^. In Pn pr,, or in pri Pr,, In or, 

tlipc ™ respectively. From 

q' “■ ’’ " »f P. 1. 

“ "" + ^dq" + 6q'q" + 3q'2 + 

/3 = 2pq^-f 2pq' -f 2pq" + 2qq' + 2qq" + 2q'q'' -p q's + q"^ -f 

■ e = 2pq" -p q"2 
h = p2 


From 


the last tivo equations p and q" can be solved at once. 


p = 12.7055 
q = 1.2734 


It seems to be impossible to solve the other two equations for th^. 
to equations are equivalent in respect 

L i- supposing there is no interference thfcm 

incidence, therefore, would be unity. There are two possibilities for 

genes, namely. In is'bcTedShS 
nun « mi ° Pr2, or between them. In the second nossi- 

ing over For p+a^+?+n- result of double cross- 

lation of th? ' 7-6777 (N, the total popu- 

s '5' mt 

the lesult of double crossing-over. Then, t>ume.i.c mat is 


Coincidence = 


’•3370 


(q+qO ( q ''+ q ') 

i7-677p~ 

and 


q = 3-3618 
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: By cTmverthig^ tho' \Times'of p, q, and (f intO 'pereeritage of 
crossing f Juer, we get : ' ' ' ' . 


Ncaio’fossiiig over (p) 7 087% 

(.Crossing OYOr between, Pft and Pin (q) " 19.02% 

Double crossing trcer (q') 

Crossing cvver ijetween In cind Pri (r|/') y.20^% 


llien tile onJer of lliese three loci will, !:ie : ' 

■111 Pr. 

j 

. For 'the present, caleiilatioii.tbe total crossing-over percentage be-. 
. tween ..Pfr and Piv, is 20.93 with a difference of only 0.12 ' from the 
value, 20.Si% that is presented earlier. 

^ow let r and s be the proportion of gametes , with the constitution 
■ P Piq or p pr;i and P ppi or p Pr^respeetively (parental aticl reconibina- 
.tioii' respectively). Tims, x, 3^, and z can be tonnulated in terms of r 
mind s in a like manner. 

4X = 3C + jrs 4 - 2S^ 

4y — S“ + ers 

4/: — F' 

By nK'uns of ImsIktV incxiiimin likfiilhHxl method, the values of 
r ami s are sriviMl lo be o.72eu and o.27oc^ respe* lively. Thus, th(‘ per- 
.eentage of crossing-over l)etrvee!i P and Pr^ is 27.09. 

'll,! the Fa geiieratiort, filant. and liristfe cido!* were cduserved simitl- 
tmmously.. , For the linkage relation lietweeu these two characters 
as Just calculated above is quite eomplcK, thus more ■complex tPa 
data an* .to- be e.xpeiied . C,.)n the one harid., there are .four -kinds of 
- segregating lines for the plant color, and , on the other, there , are 
mireeti for the luistle I’olor. Altogether, tlie/tiossil^le- ,segregating types 
for these two . characters i-ri- ■ conibination will be 28, but actually 
.- about 16 'tyiies were realized. As -the segregating types' for bristle 
■color ■ are " too complex to be' handled axiequately, only two classes, 
segregating, and nioiiBegiegating, are used in combination with the 
'four segregating, types for plant color. The results "are shown in^ 
Tables :i6. - 

The .ratio i.s ■cal.ci:ila’l:ed' on th-e. assumption, from the linkage values 
t-as hireing lreen c^om from F-? data. As the observed frequencies 
' of 'Segregati'ng and nonsegregating lines of the brist'le color deviate 
signifouit'ly froiTL the expectaticu^^ the discrepancy -aiso will be 
significaiil when the scgregajtng t yyies of thi* plant rm* imduded. 
The eattsc of this ilisparity for t.hc hh; segregation Cif bristle color 
is not \ret known. KinaTilicU, ss, when the iVeLfUismies of combina- 
lion t\q>es alom* are to be ti’‘Sti‘d, the disparity due lo the bristle 
color alone now ina\=^ be «1isreganic*d Igv using in their stead the 
fdiserved lim numbers in for c*omputing the expected irec|uc‘iK‘ies. 
The ■observed the expecTedamesivyry, well when,; 
bristle color is segregating, liut a poor fit is obtained for liiose not 
t:<^giregathigv:,^N Xb'dest ;lor :thestritwo;-el,asses 'pM 

Sgeth0riiS:,U0n0tc^bTajge;’with;a.^^P^ id), v 
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Taf^le 1 6 . — Segregatiofi for the plant color and bristle color in the F:;^, generation. 


Plant color ‘ 

Observed 

I Calculated 

Ratio 

Bristle Color Segregating 



Segregating for purple, light purple and green 

32 

34-58 

191.0420 

Segregating for purple and light purple 

13 

10.17 

56.t65i 

Segregating for purple and green 

4 

3.29 

18.1641 

Nonsegregating 

0 

0.96 

5 -A 1 79 

Total 

49 

49.00 


Bristle Color Nonsegregating 



Segregating for ptirple, light purple and green 

3 

5.82 

118.0157 

Segregating for purple and light purple. .... 

I 

4.S7 

99.4927 

Segregating for purple and green 

10 

6.75 

137-9274 

N onsegregat ing 

7 

3-56 

72-7781 

Total 

! 21- 

21.00 


- 1 1 .424 

n-6 

P-0.08 



Moreover, the bristle and plant color were classified together in 
individual Fg lines in which both characters were segregating. The 
data are presented in Table 17. The calculated frequency of each 
individual line is based upon the crossing-over values of F2 genera- 
tion. From Table 17, it is evident that by direct comparison, in 
a majority of cases there is a reasonable agreement between the 
obsen^-ed and the calculated frequencies, although the respective 
goodness of fit is not tested. 

Hence, it may be concluded that the hypothecated complex linkage 
relation between the plant color and bristle color thus proved by 
the F3 data is acceptable. 

LINKAGE RELATION BETWEEN SEEDCOAT COLOR AND THE P PR 3 GROUP 

When the seedcoat color is classified together with the plant color, 
the result shows that these two characters are correlated. By cal- 
culation it is revealed that one of the three seedcoat color factors is 
linked with the purple pigmentation factor of plant color with a 
crossing-over percentage of 19.37 (calculated by means of the least 
square method). However, which one of the seedcoat color factors 
is linked with the factor P is difiicult to determine, since none of 
the possible cases can sustain the X‘^ test without a significant dis- 
crepancy between the observed and calculated frequencies (Table 18) . 

It must be pointed out here that the differentiation between tlie 
color types tawny buff, and korra buff is not easy, especially when 
the color tone has been partly altered by exposure to dampness^ 
Faulty classification is thus in some cases unavoidable. This seems 
to be the cause of the difficulty encountered above. Hoivever, the 
difference between the black coloration from tawny bulf and korra 
buff is very distinct. Although no definite assignment can be adopted 
among the seedcoat color factors in the linkage relation with the 
plant color factor P, it is ’certain that they are linked. It can be 
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93.64 j 

0. 

86 , 

63 

86 

1 9-64 ' 

1 i 



(lodep.) 

1 



1 

1320 Obs* 

■■53' ■■! 

0 


27 


1 7 

9P : 

: 7 <ithers 

15P 

rG . 

j 1119. 

1 1 

Pr, 

-Cab- 

49.39 1 

1 

0, 

45.^ 

33 

81 

I 5.11 i 



(Indep.) 

} 

1 



■ jtabi- Obs.' 

S3 'i 

0 


1 1 


1 

J3 ■ ! 

.1P : 

: iLP 

I5P 

iG ' ■ 

i !ji 9 - 

II 

Pr, 

-b' ^Cab,- 

^1-78.784 

'5, 

'96 : 

IS- 

iH: 

■14.07 ; 



(Go 

iplinij 

r 20.93 

Pr, 

3277 -Qbs,'. 

1-9'9, 

3 


■4 


445 ' ■■: 

.?!■': 

: fLP 

15P 

jG ■ 

In 9. 

1 1 

Pr, 


: 88. 90 

3- 

■33' 

114 

HH 

15,88,1 



■(Coiipli’iig) 

20. 

93 PG 

'T2B7.0bA: 

I 'm. :-b:- 

0 


3 


x6 

3P: 

: iLP 

I5P 

iG ■ 

In 9. 

1 1 

Pn 

b' Cala'^ 

|::/b5.05. : 

1'2; 

>44 

■10 

89 

11*62 . 



(Coupling) 

1 ' 20 . 

93 Pra 
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I ABLE 17. 


-K^onaiiaea, 


Line 

No. 


X Y 


1301 Obs, 
Cal. 

1309 Obs 
■ Cal. 

1316 Obs 
Cal. 

1253 Obs, 
Cal. 

1268 Obs. 
Cal. 

1270 Obs. 
Cal. 

1274 Obs. 
Cal. 

1285 Obs. 
Cal. 

1306 Obs. 
Cal. 

1311 Obs. 
Cal. 

1313 Obs. 
Cal. 

1314 Obs, 
Cal. 

1267 Obs. 
Cal. 


1271 Obs. 
Cal. 

1298 Obs. 
Cal. 

1305 Obs. 
Cal. 

1292 Obs. 
Cal. 

1302 Obs. 
Cal. 


33 

33-97 

48 

46.26 

81 

78.78 

58 

52.04 

44 

39-03 

54 

^3-97 

33 

32.52 

61 

60.19 

48 

46.06 

8r 

82.40 

44 

46.06 


Xy 


o 

1.28 

0 

1.74 

1 

2.96 


68 

71.05 

89 

S9.18 

81 

80.26 

59 

51.25 

III 

112.96 

76 

69.04 

88 

91.27 


o 

1-95 

2 

1.47 

2 

2.40 

o 

1.22 

o 
2,26 

o 

1-73 

o 

3.10 

3 

i-73 

o 

0.40 

0 

0.81 

1 

073 


xY 


8 

5.68 

8 

7-74 

12 

13.18 

28 
j8,96 

15 

21.72 

47 

35.59 

17 

iS.ii 

33 

33.49 


6 

6.07 


0 

0.47 

o 

1,03 

o 

0.18 

0 

0.23 


20 
25-63 

51 
45-85 

24 

25-63 

56 
51.03 

25 

26,14 

22 

23.52 

8 

15.02 

38 

33-10 

49 

52.66 

33 

27.39 


8 

8.26 

15 

14.07 

10 

13.05 

11 

9.79 

15 

16.04 

10 

8.15 

17 

15.09 

O 

1^-55 

20 

20.66 

14 

^1.55 


3 
4.56 

6 

3-87 

4 

3-49 

2 

2.23 

3 

4.91 

2 

1. 17 
I 

I.IO 


Plant 

color 


3P : iLP 
3P : iLP 
3P : iLP 
9P : 7 others 
9P • 7 others 
9P : 7 others 
9P : 7 others 
9P : 7 others 
9P : 7 others 
9P . 7 others 
9P : 7 others 
9P : 7 others 
3P : iLP 
3P : iLP 
3P : iLP 
3P : iLP 
9P : 7 others 
9P : 7 others 


Bristle 

color 


15P : iG 
(Coupling) 

15P : iG 
(Coupling) 

15P : iG 

(Coupling) 

15P : iG 
(Coupling) 

15P : iG 
(Coupling) 

15P : iG 
(Coupling) 

15P mG 
(Coupling) 


Linkage 

relation 


15P : iG 
(Coupling) 

15P : iG 
(Coupling) 

rsP : iG 

(Coupling) 

I 5 P:iG 
(Coupling) 

63P :iG 
(Coupling) 

63P : iG 
(Coupling) 

63P : iG 
(Coupling) 

63P : iG 
(Coupling) 

63P : iG 
(Coupling) 

15P : iG 
(Repulsion) 


I 5 P:iG 
(Repulsion) 


In 9,11 Pi'i 
20.93 

In 9. 1 1 Pi'i 
20.93 Pr2 

In 9.rr Pn 
20.93 Pra 

III 9.11 Prj 

20.93 Pr2 

In 9.1 1 Pn 

20.93 Pri2 

In 9.1 1 Pr, 

20.93 Pra 

In 9. 1 1 Pn 

20.93 Pra 

In 9. 1 1 Pn 
20.93 Prs 

In 9 .irPn 
20.93 Pra 

1119.11 Pn 
20.93 Prg 

In 9, 1 1 Pn 
20.93 Prs 

As the Fi 


In 9.1 1 P3 
20.93 Pi 

Inp.ri Pi 
20.93 Pi 

In 9.1 1 Pr 
20.93 Pr 

In9.ir Pr 
20.93 Bi* 

In 9. 1 1 Pr 
20.93 Pvi 

In 9.n prj 

20.93 Prj 


^ . , , : — I 20 .Q3 

see' 22 t*’TOlOT^ 2 !'d relation bettreen t 

that P . liobed With P “roS ot 
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Table ike medcoai c^if^r und plum c&iar in Ike 



Bla.<:'k n’axVL)^- Lviltjivorra inilT 



PiiTple Plant Color 


i)hser\a 

Afl ' = 

346 

00 j 

' 88.00 

266.00 






Calculi a 

ted. a ■ 


iB 1 

353 

•54 






■Case 

i 


j 

■ 4.^6..ro 

307.44 






Case 

j 

— 


M6.39 

*37^5 






Case 

3 ’ i 


j 

■ 69 ‘53 

2H4.0.! , 










' Light P- 

irple Plant 

dolor 





i.3bserc 

1 

131 

<,)0 I 

3. 1 .00 

68.00 






Ca,lcii.L; 

ted :i 

1 

39 '! 

U7 

.85 . 







i" 1 

— 

■— 1 

^ 5*37 

1 02.48 






Case 

2* ■ 1 

-■ — 

— j 

38.79 

7^9.07 






Case 

.•» "fe 1 

0 > 

— 

— . i 

23.18 

1 tile? 










Green Idtint Cot 

')r 





Observed j- 

68 

.on ; 

59.00 

LOt.OO 

1 1 250.00 





CalruL 

ted :i 

6i . 

•47 j 

‘>5< 

.85 

i 1249.28 

X- - 

62*578 


r>.357 

Cam 

1 


i 

1 14.21 

136.64 


K- •■^-= 

^ I' 13-58; 

2 P- 

0.000 

Case 

1 


i 

.20.49 

■-30-36 


jx^- 

•9!. 982 

p.. 

0.000 

Case 

' 1 
t 


I 

82.97 

1.67.88 


)X“ » 

: 26.798 

P- 

0.000 


1 . in 

inked y. 

dtl's .P;.' 

Vrise ,2. R rtr 

V iii^nktni vt'itli 

IgoiseZ' 

B c»r 

R O!- Vi 

linked 

I;'*, 

jiritl ine 

tawrsy 

l-naT ced 

cvr' jf:> din‘ t-o tl'sc: pre.s 

of fiTiy on 

i* td these tr 

srec i 

actors. 




iN^lonitiuii of the liristle. When the seedcruit (nihsr h cMnipared with 
hrij^lle the result sliows an iudepen<lL‘nt. Begreji^ation, with a 

P value. of 0.576. However, while the linkage relation inferred. from 
■the, relations l:)etween tlie seed.cc>at color and plant, color and plant 
color aial tnnsile er>1nr is a],>phed in the calculation i.)f the expected 
frequendes, the agreeiiient between the observed frequencies and 
tlK‘ calculated ones is much closer, \vith a P value increasing to 
0.803 (Table Pt,)* 


TABLii: 19 . — Segregation for ike- seedcoai color and Imsile edar in (ke F- generatimi. 



■Pirrple 

bristle | 

Green 

bristle 

. 


Black 

i . Hon- 1 

B!.ack 

No,n- 

Total Hetnark 

■ ' 

... ... .. :,.... , ^ 

' seed- 

1 black 1 

seed* 

blade 



'/coat ^ 

]'■ seed”^^ 1 

” coat ' 

, seed" 

1 



;. -eoat ,j 


, coat 


Observed.. ' 


'■ 674.00 i 

18.0(2 

,3 1 .00 ■ 

,(250.00 

CalcutUed 


I . ■ '. i 

■ ! ■ . i 




(Indop.) 

S'Ob.b/ 

J 694.33 r 

' .20.67 . 

' ■ 28..33 'i 

r250Am ■ x^y~ 2 .007 P “ 0.576 

Ca( tula ted 


1' ■■ [ 




Linked) . 

.. ..510.85 

■ j.: 689.64 . [ 

■ . 1 (C 19 : 

1 32. ■60 1 

^249.28 ■X" 0.983 P™ 0.803 



1 ■ j. 


i ■■'■■. . ’ ' . i 

With a crossing over; 



j ' 1 


!■■ ■ ' I 

■ psrccaitage -35.96%. 


1 



!-'>:■, ..-.^■■d-^ 

between Pr.-? and a 


I , ■ . 

d -'i.'- y t;' - v.y 


ic': ' 

.' .■ 1 ■ factor :'of seedcoai 


S;. 

T-'' k't 


1 : ;■ ; ■ , . ,! 

1 ,y..'^ .■^...;; 1. color: J 
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From Table 19, it can be seen that the linkage relation between 
one of the seedcoat color factors and the gene Pr^ is quite loose. 
The linear arrangement of these three factors mtxy, therefore, be 
assigned as follows: 

X p 27 . 090 ^ X beiug 006 o£ the seedcoat color factors. 


This linkage relation is further tested by the segregations. 
There are i6 possible combinations for the segregating types of 
seedcoat color and plant color and 8 for seedcoat color and bristle 
color. For bristle color only two types, segregating and nonsegregat- 
ing, need to be taken into consideration. The calculations of the 
expected freciuencies are based upon the percentages of crossing- 
over computed as from the F2 segregation. In both cases, the ob- 
served frequencies are all in good agi'eement with the calculated ones 
(Table 20 and 21). 

However, when the calculations are based upon the independent 
relation between the seedcoat color and the P-Pr^ linkage group, 
the fit between the calculated and observed frequencies in the both 
cases is still quite good, although both with a smaller P value. It is 
concluded, therefore, that the number of lines in the F'f generation 
is not large enough so as to discern their relationships definitel^L 


Table 20. — Segregation for the seedcoat color and plmit color in the Fz generaiion. 


Plant color 
segregated for 

Seedcoat color 
segregated for 

Observed 

Caiciij 

Independent 

ated 

Linked 

9P : 7 others 

27 black : 37 others 

10 

8.83 

10.30 

9P : 7 others . . .... 

9 black : 7 others 

16 

. 13.24 

12.64 

9P : 7 others ...... 

3 black : i other 

6 

6.62 

4.91 

9P : 7 others 

All black 

2 

l.IO 

0.59 

3P : iLP 

27 black : 37 others 

I 

4.41 

2.34 

3P : iLP.. 

9 black : 7 others 

8 

6.62 

7.21 

3P : iLP.. 

3 black : i other 

■ , 4 

3*31 

5*45 

3P : iLP.......... 

All black 

0 

0*55 

1.22 

3P : I green 

27 black : 37 others 

' 5 

4.41 

,' 5 -i 5 ■ 

3P : I green 

9 black : 7 others 

7 

6.62 

6.32 

3P : I green ... 

' 3 black : i other 

■ ■ I 

3-31 

2.46 

3P : I green 

1 All black 

0 

0.55 

- 0.29, 

All purple. 

27 black : 37 others 

0 

2.20 

1 1. 17 

Ail purple. 

9 black : 7 others 

4. 

3*31 

3.60 

All purple. ........ 

3 black : i other 

3 

1*65 


All purple - 

All black 

u 

0,27 

: ,'0.61 

Total 

67 

67.00 

66.99 


— 1 1 .122 X2,= IO.D59 
P = 0.742 P == 0.814 


LINKAGE RELATION BETWEEN OTHER CHARACTERS 

All possible paired combinations of the eight characters studied 
were considered in the F2 generation. In addition to the tloree linkage 
groups mentioned above, there are four combinations, e.g., seed- 
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coat color ajid pericarp color, pericarp color :a.iKi endosperm cuh n% 
plant color and' seedling growtli hal3it, and planl; color and anther 
color,., that show ■ discrepancy from independent segregation in 
yarious degrees. But in the 'F^ progenies, they .ate all proved to be 
nintually independent whether tested l'>y individual lines 'or . by 
coin1:>ini.ng groups of segregating types. In surmning upt it can be 
concluded tlierc^ seem to be no linkages among tlie character 
factors . oilier than tlie three linkage?: groups mentioned above. The 
detailed data in regard, to these are not presented here. ' 


Table 2.1, 

— SctlTCgdilOft JOT the sSOOd 

coat color and hru 

tie color in the 

i' j fiefieraiioB . 




Calci 

ilated 

Seeder 

?at coi0.r Heg.regated .for 

!■ 01>se.rved 

Independent 

Linked 

27 bt'ick : 

Bristle Cclo.r Seg.regat.ed 
37 others i% 

LL9t 

12.84 

Q black : 

7 or hers 

■ 0 23 

20,8a 

20.89 

3 black ; 

I other’ - 

. . 1 lO 

10,4.4 

11.26 

All black . 


■ ■ ! ^ 

f .74 

2,01 



Tot al . . 


. . ; 4/ 

47.01 

1 47.00 

27 black : 

Bristle 

37 others. . 

ii'ofi ir .Nousegrei? 
• ■ 1 3 ■ 

ated 

sm 

1 5.08 

t) black : 

7 others 

. I 1.2 

8,89 i 

1 8.89 

3 1)1 'a, .‘R i 

i other . , . 

. . I 4 

' 4-44 i 

1 5-08 

All filack. 


. . I 1 

: «L 74 ., i 

1 0-95 



1 

. . ! ■ .20 

;■ 20.01 

I 20,00 ' ■ 




X‘L-3.280 

,X" -=3.037 

'■ . P - 0 . 77 -? 

: DISCUSSION- 

Sterility scciils to be encountered frequently in 

P -0.804 

interspecific 


hybrids. In the jireseTit case partial sterility of both pollen and seed 
are 'met -with. However, the ch.ronioso.me pairing of the hybrid 
at meiosis is normal, so that the partial sterility appears to, be due 
to unknown causes and not to irregularity of chromosomal dis- 
tribution. It is fortunate that in the material studied partial sterilit}^ 
did not disturb the normal segregation of the factors studied in 
either the Ps or Fn progenies. This makes the present genetic studies 
of the interspecific hylwiil possible and rather simple. 

The presence of lri})licatc fact^ws for the manifestatiou of the 
purple bristle color, two of which are linki^d, is of some signifuaince 
with regard to the evolution i)f Hr,? l,')asie dirnnicKscune number of 
the genus Seiaria. The baste mimbta* sti far studied in tlie Setaria 
species is nine. Any Seturia species whidi lias nine pairs of chromo- 
somes may be regarded as the piT>toi}^])e < if the genus far as ehromo- 
sunie Tiumber is concerned. Seiaria itaiica and 5. viridis both ha.ve 
nine pairs of chromosomes and, therefore, are prot,otypcs of the Seiaria 
speeievS, although their morphological diaracters are cpiite advanced 
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ill comparison with the other species. The presence of tTiplicate 
factors indicates that the basic number nine is most probably derived 
from a number smaller than nine. Moreover, from, the present evi- 
dences it may be inferred that one of the nine basic chromosomes is 
not only a duplicate of another but also has a region duplicated. 
This duplicated region may be either due to the result of unequal 
crossing-over with its homologue or translocated from its duplicate 
one. No matter what its origin, it may be concluded that nine is a 
secondary number which is originated from a lower one. Perhaps 
such might be found in genera related to Setaria, 

Either from cytological observations or b^^ genetical analysis 
of the hybrids it can be concluded with certainty that the two 
species 5 . italica and 5 . viridis are closely related. In the italica parent^ 
of 15 genes studied only 2, the white pericarp color and garnet ophyte 
factor Ga, are dominant, and the other 13 are recessive. This indi- 
cates that 5 . italica may have originated from S. viridis through 
successive mutations. Although there are a great number of genic 
diilerences between these two .species, the liasic quality of their 
corresponding chromosomes has not altered much because close 
pairing occurred in the hybrid at meiosis. ThivS suggests that the 
cultivated millet 5 . italica was evolved from its progenitor 5 . viridis, 
the wild green foxtail, only very recently. The intimate association 
of their geographical distribution may be looked upon as a further 
proof of this poSvSibility. 

SUMMARY 

A cross was made between S. italica, the cultivated millet, and 
S. viridis, the wild foxtail, both of which have nine pairs of cdiromo- 
somes. The pairing of the chromosomes in the Fi hybrid vSeemed to 
be normal. The hybrid, however, had about 70% pollen sterility. 

Eight qualitative characters were studied in this cross. The Fi 
hybrid resembled the viridis parent for all characters studied except 
pericarp color. Altogether 15 gene difterences with three lirileage 
groups were revealed in the F2 generation and these W’^ere confirmed 
in the Fg generation. The three linkage groups are mapped as 


follows : 

In 

! - 

Pri 

1 

Pl-2 

1 


1 

0 

1 

9. I I 

1 

30.04 



X 

P 

Pts X may be B, Vi, or R 

0 

19-37 

1 

46.46 

Ga 

W 

■ br 

0 

j _ 

36-80 

: 49 -I 2 - 


Other genes studied seem to be inherited independently of these 
three groups and of one another. 

S. viridis is concluded to be the probable immediate progenitor of 
the cultivated millet, 5 . f/a&a. 
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'The genes found in this mterspecific cross are tabulated as follows: 


S 3 aBbol of .gene' Character affected' 


R, Vi, B 

Bltick seedcoat color, R ami. Vi coiTipleiiientary for. 
ta,wiiy B su|iplmiiuntar\’- for black 

Y 

Yellow endosperm 

s. a 

ConiplemeiitaiTcfor seed, shattering ■ 

Ts 

Prc3Strate seedling 

P 

FTirple pkint color 

In 

Inteiisifier of P 

Pi-i, Pr,, Prs 

Tripiic‘ate .factors for purple bristle 

Br 

Brown anther color 

W 

White . pericarp color 

Ga 

Gametophyte factor for differentiai pollen tube growth 
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COTTON ROOT DEVELOPMENT IH RELATION TO 
NATURAL AERATION OF SOME MISSISSIPPI 
BLACKBELT AND DELTA, SOILS^ 

O. A. Leonard- 

T he agriculture of the Missippi-Alabania blackbelt soils consists 
mainly of cotton and Johnson grass meadows for hay. Originally, 
this was a natural prairie section. Because of its high content of clay, 
the soil is difficult to handle and the crop yields are often poor; 
nevertheless, with proper management the yields are good. 

The agriculture of the alluvial delta area of Mississippi consists 
mainly of row crops, of which cotton is the most important. Origi- 
nalty, the area was covered with a forest consisting of broad leaf trees 
and of Cyprus. The sandier soils are easily handled and the crop 
yields are generally good. The heavy clay soils are difficult to handle 
and the crop yields are often poor. 

It was obvious that wet subsoils and poor aeration were factors 
limiting crop production on the soils derived from Selma Chalk in 
the Mississippi-Alabama blackbelt. The heavy clay soils in the Miss- 
issippi Delta area were believed to be less productive than similar 
soils containing more sand because of poor internal drainage and, 
consequently, poor aeration. The sandier soils of the Mississippi Delta 
were considered poorly aerated dtiring prolonged rainy seasons. 

Imperfect drainage affects plant growth chiefly in the manner in 
which it affects soil aeration. Factors that influence the aeration of 
soils have been excellently reviewed by Clements (jY and by Rommel 
(17). Only a limited amount of work has been done on the effect of 
soil aeration on cotton root growth. Balls (1) in Egypt found that 
cotton roots died, apparently from asphyxiation, when the water 
table rose. Cannon and Free (6), in laboratory studies, found that 
cotton roots did not grow when oxygen values in the soil approached 
1% oxygen or less. The minimum percentage of oxygen for cotton 
root grouTh was somewhat variable and, also, was influenced by 
soil temperature. 

The original purpose of the investigation reported here was to 
determine the influence of tillage on cotton root growth and soil 
aeration under Houston clay and soils of the Sarpy series. The in- 
fluence of tillage, but not of soil aeration, has already been reported 
for tlouston clay (12). 

. It was necessary to have a general picture of the seasonal changes 
in cotton root growth and soil aeration in order to evaluate properly 
the effect of tillage tTeatnients. After the study was underway, the 
importance of aeration on the presence and severity of the cotton- 

qPubiished with the approval of the Director, Mississippi Agricultural Experi- 
ment Station, State College, Miss. Journal paper No. 86, new series. Received 
for publication August 28, 1 944. 
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’^-viit^iieiilatode (^oniplex- was iridicatec! b}/ tlie iiatiiral distribution, 
■of tlie diseasediifested areas, 

. ME’THOm OF STU.DY 
MisSlSSIlau•WLABA:^lA ,I0>AC.KB:ELT SOi.LS 

.The Koils of this are;i were represented fjy Housloii clas’' at tlie West Point' 
Bi'ancti Experiment. SifitJon near West FVEnt, Miss, Soiis of the: .H'ouston series 
rire t,iplar]d soils, and are deri'sed from ihe 'Weathering' of calcarcotis clays, ebalk 
lieds, and. soft liniestone, 

■ ' ' SOI'LS OF THE MISSISSIPPI E,1VER A.LLUVIA'L A.REA 

Tlie soils' of this area were represented by Sarj^y day aiiri Sa.rf3y fine sandy 
loam on the .Delta Briinidi Experiment St:ation at Stoneville, .Aliss., and l:)y son'ie 
Sarpy on the Delta and. Pine la.n:KU Co!'np.ariy ' plaiitatioii at Seott, Aliss. 
Soils of the -Sarpy series are alluvi^ii lerttoni soils foimd in the .Alississippi Valley 
'that 1'n.iYe l.}een affected ' by cliariging rivers or fvtyoiis, Tlie above is according to 
tlie old c!.assilicatioii, Iriit will f:)rQbar.dy be changed b}- the new scheme. 

'lUtSTOH SA>n:>Y' mAM, 

Riiston sand}” loaiTi iiiKler cotton was sttidied oti. tlie Soiitl] .Afississippi Bivinch 
Ejcperinient Station at Poplarville, Aliss. Resn.Iis from. tJiis soil will be referred 
loonly liriefly. and all fnriher 'reh'rerr-e i>.)- i? will bt> i?? rmiin'CTii-m with presenta- 
tion of data aiid discussion, 

PLOT T,K'EAT'M'EN'TF FIUIM VvlHCii SUIL AiR DATA AK'K REPORTED 

I), ami P.L.! lA varit,h,.y of i'otion Wi.is gixjwn at West .lYhiit, Aiiss., cm Houstoii' 

clay; Four hundretl pounds of 6 ^‘-4 feriiliiter were used, tier acre each year, 

.Idle' pkffs jn|:K)ri«:aiTax;:ei'ved seedbed prepara. t:.ion nor eiilti\”ation, except 

■ciiiring 194U wlien tl'ie |;dcits were bculi prepurecl and cultivated. In studies not, 
reptiried, neither neediicd pr€|:r,'irati«>n nor eultivation had any infiuen.ee on aeni- 
lion or root growth below a ciefith of 6 incdics. The degree erf aggregation of the' 
top soil, nitlier thati the influence of tillage, was 'correlated with the 

.development, erf sinall cotton roots. ; 

V Express vari-ety of cotton was- grown on Sarpy fine sandy loam in 1941 and 
Delfos 3506- in 1,942 .and 194.T in 194 U vetch was plowed under fiat and not 
:bed{ledV 'In 1942* 12 tons of stable manure, per acre were placed beneatli the cotton 
rows ' and ire .1943. of: .any kind was used. 'Tbct plots were bedded in 

1942 and 1943.' Tlie p'lots for all three years received normal cultivaticm. 

DEPTH OF .THE ■ WATE'R TABL'E O'N HO'USTON CLAY 

. The depth -of the water table was determi.ned weekly from, earlj^ sprjng through 
; inkistinittRir, by .mea sirring the distance to the 'wateipfroin the surface of tlie ground 
iii -;,6itic'h' tile wells 'established at six locations, unifortnly distributed -aTOund ,the 
edge of ■'t.he :experimeiital li 

SOI L^AI 3^ ANALYSES ' 

The method of obtaining stunplcs c,rf air from sruls was similar to the method 
described 'l:>y Boynton and Ryutlier (5). Air well- tubes were a,sscmbled’!)5^ coimecb 
ing t^o|T>er- tubing- (5-1 nm outside diameter) to short Pyrex -cylinders {Hpmm':Out- 
Mdh diameter)'T')y means of -onediole rub'lier st.op|')ers. The Fyrex' cylinders were 
filled with glass wool to prevent soil from irfugging the copper tubing. 1Ti«? upper 
ends of the copper titbing were <'losed with reibl'ier raps. The air rvells, thus as- 
sembkfd, were plai'cd in auger holer in the cr>ttcm rows and SirfI piicked hrrnly 
around the copper tubing. It wa.^ possible to cultivate the cotton without disturb- 
ing the air wells. 


author is indebted to T. N. Jones and L E. Ilaniblin for obtaining the 
water table data. 
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Soil air data are considered quite satisfactory under Sarpy fine sandy loam, but 
only moderately so under Houston clay. Houston clay shrinks and cracks upon 
drying. The cracks may not entirely close when the soil again becomes saturated; 
thus, the soil air analyses under Houston clay probably give oxygen values that 
are too high. 

A portable gas analyses apparatus, with a simple mercury suction pump, was 
.carried into the field wherever the air wells were present. 

In 1941, 100 cc of air were discarded before samples of soil air were analyzed. 
Because of great variability in analyses on Houston clay and because successive 
samples gave successively higher oxygen readings, especially at shallow depths, 
indicating contamination from large soil cracks and crayfish holes, the discard 
in 1942, 1943, and 1944 was redtrced to about 20 cc. Two or three samples, never- 
theless, were usually drawui and anatyzed from the same wells. 

MECHANICAL ANALYSES, pH, AND QUICK TESTS ON SOILS 

The mechanical composition of the soils studied was determined" according 
to the method of Bouyoucos. Although this method may be open to certain 
objections, it appeared to be suitable for the purposes of this study. 

The soil pH was determined with the Beckman glass electrode. 

The methods employed for making quick tests of the soil \vere the same as 
those reported by Miles (16). 

ROOT STUDIES 

The roots were examined in every case by digging rectangular pits to one side 
of the cotton rows and exposing the root.s by working inward, by using an ice 
pick and by washing wdth power sprayers. 

Quantitative studies on root distribution were made hy removing the roots 
from a given volume of soil by washing the soil through a 14-mesh screen. The 
roots were picked off the screen with forceps, separated into different sizes, 
dried, weighed, and calculated as percentage distribxition of root>s of different 
sizes. The results on root distribution (0-1 mm diameter only) are illustrated 
diagrammatically in the various figures. The entire roots system at two stages 
of growth is shown in one figure, 

RESULTvS AND DISCUSSION 

DESCRIPTION OF SOILS 

Since the primary purpose of this paper is to show the influence 
of aeration on cotton root growth and distribution, the mineral 
nutrition and other data will be considered only insofar as they may 
aid in the interpretation of the soil air data. 

A general description of the soils and cotton root distribution (roots 
of Q~i mm diameter onl}^ is given in Table i. 

The clay content of the soils was greatest in Houston clay, next in 
Houston clay (shallow phase), and least in Sarpy fine sandy loam. 

The Houston clay was alkaline and tended to become more alkaline 
with depth, especially on the location where chalk was only 6 feet 
deep, Sarpy fine sandy loam from the locations studied became alka- 
line with depth, the pH ranging from 6.3 to 8,2. 

Nitrates wre low in all of the subsoils, according to quick tests. 
Evidence from other sources indicated nitrogen to be, at times, quite 
deficient in the subsoil of Houston clay. Nitrogen was the first limit- 
ing nutrient in both Sarpy surface and subsoils (pot tests). 

Available phosphorus was very low in the subsoil of Houston clay, 
es peciall y between the depths of i and 3 feet. Phosphorus was epute 

yThe author wishes to thank Marvin Gieger of the Mississippi Experiment 

Station Chemistry Department for making the mechanical analyses. 
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■high liBcier Houston c::!ay next to Selrna ■ch^ilk. .Sa,r|::iy fiiie sandy loam 
coiii:a.iiiecl ■ aniiile phos|3bc«‘Hs' at. all cieptlis. 'Evidently, phosphoms 
could not,, liave been a fac-tor limiting root, growth t^xeept.in HoiistOR 
ciay betweer.1 tlic d.c.|:;>ihs cvf j and, 3 feet. In pot. tests pliospnorus was 
iomid to be the first- liiTiitiiig factcn alieeting the growl li of cotton 
in tli-e air-driiv:i su,d:>S':H] of Fh>yston (.•hnc 

Pot.j.issi'Uni r,iid, not a,pi:)ea.r be -a [iiriitriig factor a.Uecting i*oot or 
top growth ill Sarfiy tii'ie sandy Ioann Evidencci from |;)ot tests 

Table i. --Cdm of ike soil, dislrinnHo}! d feeder rmis (o mm diumeier), pH. 

■ nieekafimil and plant food as reveaied by quick lesis at different 

. ■ depths on fffmslon clay, Houshm clay isimiiinu pkme), and Sarpy Jlne sandy 

h:mm. 
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indicated potassium not to be seriously limiting in Houston clay, 
although the leaf blades sometimes showed symptoms of potassium 
deficiency, especially when the cotton was fruiting. ^ 

According to quick tests and pot experiments, neither calcium nor 
magnesium were deficient in any of the soils studied. Studies on the 
undisturbed subsoils must be made befoi'e final conclusions can be 
drawn on the availability of nutrients. 

A greater percentage of the feeder roots (o-i mm diameter) were 
present in the first foot of soil under Houston clay than under Sarpy 
fine sandy loam. These data (Table i) were obtained in the fall of 
the year. Cotton roots under Houston clay were found to be, in 
general, remarkably free from fungi and nematodes. Cotton roots 
under Sarpy fine sandy loam were attacked by both parasitic fungi 
and nematodes and the injury to roots seemed to increase with in- 
creasing sand content of the soil. 

DEPTH OF WATER TABLE AND COTTON ROOT GROWTH ON 
HOUSTON CLAY 

The data on fluctuations of the water table were obtained in 1939 
and 1940. All of the water table wells, except well No. 4, were located 
in soil comparable to the location of Fig. 3, from which soil air read- 
ings were obtained. * 

The water tables were, for the most part, less than 3 feet deep 
until about August i (Fig. i). The water tables in all wells were 
fairly similar, except for well No. 4 which was located on a slope 
where the Selma Chalk was only 6 feet deep. 

Very few roots were deeper than 4 inches on August 3, 1939, 
although some roots grew laterally 42 inches. Vertically, a few roots 
were traced to a depth of 16 inches. After the water table dropped 
in August, the roots grew downward and had attained a depth of 
4 feet in October (a large root of one plant followed a crayfish hole 
and was traced to a depth of 5 feet). 



Fig. I, — Relationship between the depth of the water table and the growth and 
distribution of cotton roots. 
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The maKimuin depth cotton rc:*f:>ts found, during .1.940 ' ayes 8 inches 
(on the luain part of the field), 'iiiitil after the water table dropped 
ill .August/ The rainfall in June and July of 1940 wa-s-excessive. Again, 
after the water table dropped in August, as in 1939, tJie iaittoii roots 
grew downwai'd to a depth, of 4 feet in October. 


F.ICE of vetch roots 'iU; clay on April 16, 1944. A 

/ ' <Ta>Tis!i may ^ noted in. the lower left. Depth of the water table was 

'■ .17 'inches. ' ■ 


A good correlation existed between the looseness of the soil and the 
abundance of roots. The loose soil varied between 3 and 6 inches deep. 
The roots developed finst on the surface of the firm clods and subsoil 
before growhig into such places. The relationship between looseness 
of the soil and tlie abundance of roots w’as noted not only for cotton 
.growing on .Houston; clay , but also' for vetch (Fig. 2), oats, corn, and 
soybeans: 


AERATION' ANB ROOT GROWTH ON HOUSTON .CLAY 


' '.''A' 'deficiency An ^ 1941 apparently prevented tap or 

secondary' roots :TTon.i growing deeper than.' 16 inches until after 
August I (Fig. 3). The soil oxygen remained at. less than x% at^a 
depth 'of "..id-, .inches--. until .'in, August. -After 'tlie-'soirbecame: higher in, 
■oxygen dn;: August, root,, .or .'functionally, similar r.oots,-' .grew 
rapidly downward. It might be noted that practically all of the small 
roots were in the upper 6 inches of soil, even early in August. The 
distribution of toots probably gives a good indication on the aeration 
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conditions in most of the soil mass. Some roots followed cracks and 
crayfish holes and were able to penetrate deeper into the subsoil 
than could most of the roots. Such locations are likely much higher 
in oxygen than was most of the soil. 

The 8'inch depth was only 2 or 3 inches below the loose well- 
aerated soil filled with roots, and the samples likely consisted of air 
from these layers rather than from the more compact layers below 
the wells. Nevertheless, occasionally, some wells located at this 
depth gave values as low as 1% oxygen. 
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Pig. 3. “^Relationship between the composition of the soil air and the growth 
and distribution of the roots (o-i mm in diameter) of cotton and oats in 
Houston clay. 


The improved root growth and aeration in the subsoil in August 
was a result of the soil becoming drier and cracking. The soil seemed 
to be fairly moist or wet until August I. 

About 50% of the small cotton roots were in the top 6 inches of 
soil in October. Whether the distribution of roots was solely the 
result of aeration factors could not be ascertained from data obtained 
in 1941. ■ • « 

The year 1942 was extremely dry, which contrasted with the 
studies made in previous years. Aei^at ion was good from July on 
through the growing season at a depth of 16 inches. Most of the small 
roots were very shallow until in July when the subsoil became better 
aerated. After the subsoil became better aerated, root growth seemed 
to occur for a time about as well in the subsoil as in the surface soil 
Eventually, however, root^ growth in the subsoil decreased, while in 
surface soil the roots continued to increase. The evidence suggested 
that factors in addition to aeration affected the pattern of root 
distribution vertically in the soil in the fall of the year. 

The maximum depth obtained by cotton roots was Usually around 
48 to 50 inches. 

Oats had a remarkable influence on improving the aeration of 
Houston clay in 1943. On May 22 the soil under oats was badly 
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erackeci/ while nearby sdl Milder eottoii was witlirmt cracks. The- 
oat "crop was almost maitire at this time, with the leaves becoraiiig' 
yellow.. Very large quantities of . water iiiust have been : tratispired 
■by the -oat emp. In 1944, more rain fell in the spring- than in 1943- 
■and kept the soil snfficaently :wet a,nci poorly 'aeratefl to prevent the 
oat roots from growing deeper tlia-n. 20 inches,' or thc^ same depth 
tliev had attained tlie soil, had become poorlv aerated in tbc' 

iatifalL , . \ 

A dt*licieni:y in the subsoil ot tivailalde phosplionis. auid nitrogen 
prolialdy affected the distribiitioii of roots c^ri rnatiire cotton and 
out |)lanls. I6'>nsideral>le numbers roots w'erc^ broken. when the soil 
cracked; and this, no doit1>t, had some ini'iiieiice -cm ..the pattern in 
which mots were distrilxited. The roots, for the most part, appeared 
to be heallli)’ and free from root parasites. . . . 


A.E.RATIO.N A'KD ROOT GR'OWTH ON ■HOUSTON CLAY 
(SHALLOW phase) 

The aeration and root growth on 'Houston day (shallow phase) 
were similar to those on H(-.)usto.n cla}", except iV>r tninor differences 
(Fig, 4). A deficiency in oxygen at: a- depth of i6 inches seems to 
have prevented cotton root;$ from growing deeper than 16 to ■ 18 
inches, iintil in July .1942. In :h) 43, feiTly tmifonn development 
of, roots oecunvd alxmt tlic middle of June and was related to .a 
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fairly high level of oxygen at a depth of i6 inches at this time. About 
8o to 90% of the small “feeder” roots (o~r ram diameter) were in 
the top 6 inches of soil in the fall of the year. 

Roots of mature cotton plants wei'e very scarce below a depth of 
4 feet, although occasionally some were traced to a depth of 60 
inches. Poor aeration was probably alwa\^s a factor limiting the root 
growth at this depth. 

Excessively high carbon dioxide values occurred at the depth of 
72 inches, directly above Selma Chalk. The percentages of oxygen 
at this depth were usually fairly low. 

Very short tap roots were common on Houston clay, particularly on 
locations that remained poorly aerated and wet the longest (Fig. 5) . 


Fig. 5. — General morphology of cotton roots growing in Houston clay. The first 
three roots on the left show the influence of wet suVjsoils on the appearance of 
tap and branch roots of cotton. The root on the right developed on a diier 
location on the same series of plot.s. 

In the location from which the data in Fig. 3 were obtained, as 
many as 60% of the plants had very short tap roots. In the location 
from which the data in Fig. 4 were obtained, usually fewer than 2 or 
3% of the plants had short tap roots. 

Sometimes seed lay in the ground without germinating until about 
July I. Cotton from such seed, regardless of location, ahvays pro- 
duced normal tap roots. 

Excessively large branch roots were typical of cotton developing 
on poorly aerated Houston clay (from cotton developing at the 
normal time). The large roots were predominately only i to 4 inches 
deep and ran more or less parallel with the contour of the soil be- 
tween the beds. Eventually, the large roots turned downward. 
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Niinierous siiiall l^raEcn ixiots developed in soil that was somewhat 
dry,; ^ 

Microscopical ■€N<imi!iath:m of cotton , roots . from. Houston cla.}^ 
iiiciieat;ed tliat- the rcMits were Ternarl^ably ' fixe from both fungi and 
ncniatodes. 

AICRATTON AND ROOT GROWTJi ON SARPY FINE SANDY LOAM, 

Sarpy line sandy loam is an ex,t,reme!5* variable alluvial soil. Air 
wells were established at different times during 1941, i94,2» a.nd 1943. 
Since ' different locations- and soil treatments were iiiv«ilved. in the 
clitferent tests, , the extremes in aeration of Sarpy sandy loam are 
pix)ba,bl3' indicated (Fig. 6). 



Fig. 6 -■''Reliiitlonshi.p between the stem and root (o-i min in diameter) growth 
: ; of' cotton and the percentages of OK.ygen and carbon dioxide at different depths 
.'.vin-Saiw line sandy loam.- 


The low oxygen and liigh carbon dioxide values obtained hi the 
late spring of .1C141 probvroly wviv a result of tlie decomposition of 
vet\‘h. ‘rile cotton was not planted on lu^ds in 1041 ;uu1 this allowed 
the soil to collcid riuav water and to rmnain wi 1 ItuigiT than would 
^'iiavcTiceiirred' had the latal 

cThe'perc6nta:p:ts, oxygeri' were relatively hi.gii ant! the percentages 
;0f;. carbon dioKid.e''were- relatively lotv tluring the winter of t94i-'' 42,- 
and,' during the remainder of 1942 and - 1943 at locations ,2, 34 and 4. 
Catton'-was.plaBtM beds iiitboth 1942 and 1943. >■ 

4;^ The ttqL; and, branch ^ indicatioirof poor saII aeratiori' 

|Idg.4.'y|-:-Ab™^ tap, roots' were straight, 25% crooked, 

and 5% quite short. The crooked rootvS seemed to result from me- 
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chanical obstrtictions, such as stratified layers of soil or cotton stocks. 
The short tap x^oots resulted from the tips being killed by nematodes 
and root-rotting fungi. Vertically, the bimnch roots were distributed 
quite uniforinly on the tap I'oots and did not grow parallel with the 
surface of the soil, as did those on Houston clay. 

There was no evidence to indicate that root development was 
appreciably affected by poor aeration in this soil. An abundant 
development of roots deep in the soil indicated that the subsoil was 
not greatly inferior to the surface soil. 


Fig, 7. — General morphology of cotton tap roots showing the distribution of 
branch roots on Sai*py fine sandy loam. 

Cotton roots developing in Sarpy fine sandy loam were frequently 
attacked by both nematodes and fungi. The greatest injury to roots 
w’^as found to occur in '‘sand pockets'*. 

MECHANICAL COMPOSITION IN RELATION TO AERATION 

The effect of mechanical composition of Sarpy soils at Scott, Miss., 
and at Stoneviile, Miss., is shown in Fig. 8. V 

For comparison, the results are' shown for one location imder 
Houston clay. While a general relationship between the percentage 
of clay and soil aeration is evident, it is clear that other factors are 
also operative. The most important of these is the freedom with 
which water may escape downward through the soil. Under Houston 
clay, the downward movement of water is greatly restricted by the 
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tiiicierlying chalk. The Sarpy soils at Stoneralle ■uiiderlain by 
sand h which improved the iiitenial drainage' ecmsiderably,' even of 
the heavy clays. ■ ' 



PERCCMTAGC 
Os £ CO2 







"The Influence of nieehaiiieal ccmipositioxi on soil aeration at three loca- 
■ tions* Soils of the Sar|)y' series were studied at Stoneville and at Scott and of 
' "'Houston clay at West Point.' The depth of the wells was 36' inches. 



' ROOT STUDIES ON D'lFFERENT SOILS COMPARED 

Fig. 9, shows the general picture of root distribution under Houston 
clay having a, wet subsoil, Houston clay having a moderately dry 
subsoil in the upper iS to 24 inches, vSar|3y line sandy loam, and 
Kuston sandy loani a.i two stages of growth. 

The results on Houston day and on Sarpy Hiu^ sandy loam merely 
emphasise the ^ data: 'already presented on 'the infiuentv of aeratio'n 
(m cotton rcK>t dislrilnilion. StniR^ factor other than aeration seems 
to iniluenec cotton root distribution under lloustcm <' 1 a.y. The 
evidence already presented seems to ixidicale that mot growth in 
the subsoil is limited by the awiilal^ilily of phosphorus and nitrogen, 

Ruston sandy loam is excellently aerated according to g;as analyses 
studies already reported (14). Nevertheless, ('oUon roots develop 
more abundantly in surface tliaii in subsoil, except in restricted 



LEONARD: COTTON ROOT DEVELOPMENT 6? 

regions. In the subsoil cotton roots may develop very abundantly 
in places where old roots of the original forest have either rotted or 
burned. The subsoil of Ruston sandy loam is deficient in available 
phosphorus and nitrogen, with the above noted exceptions and is 
likely responsible for the pattern in which cotton roots are dis- 
tributed. The results under Ruston sandy loam are presented to 
show the influence of an infertile subsoil, not complicated by poor 
aeration. The plot on which the cotton shown in Fig. 9 was grown 
had received no fertilizer for 12 years. Nematodes and root-rotting 
fungi attacked many of the cotton roots in Ruston sandy loam. Roots 
in the upper 12 inches were attacked to a far greater extent than 
deeper roots. 



CONCLUSIONS 

According to Kvarazkhelia (13), roots develop according to the 
law of limiting factors. Roots that developed in a location where one 
or more_ factors were below optimum tended to make the greatest 
growth in the region of the most favorable environment as: regards 
moisture, fertility, temperature, oxygen, and porosity of soil. 

Under Houston clay, differences in aeration during different years 
produced differences in cotton root distribution in late spring and 
early summer. Under conditions when the subsoil remained wet and 
poorly aerated, the bulk of the cotton roots remained in the upper 
S or 6 inches of soil; while under dry conditions, when the soil was 
better aerated, a good root development also occurred in the subsoil. 

In the fall of the year, whether the year had been excessively wet 
or dry, the bulk of the cotton roots were in the upper 6 Inches of 
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soil. Evidently some factor or .cornbiiiatioii of factors other than 
aemtion were responsible for tlie -distribiitioo of roots on, ciotton 
plants in .the fall of the- year. Available phosplionis .and' nitrogen 
were quite deiicient in, the subsoil and evidently weac factors affect- 
ing tlie distributioii of roots. 

Under Sariyv line sand}’ loa,m, a.i:'rat:ic«i and nutrii„:i.on were t,i.stia.lly 
suffidently good and sirniia.r Co t.lie surface soil not to affect ap- 
preciably tile distribution of cxCdoii roots. Tliese results do not mea.n, 
however, that aeraticm was op 

■ Houston cla}" was generally loose and. seemingly well aggregated 
in, the upper 4 ■ to 6 inch.es,, but compact below this depth. Under 
normal conditions, when the subsoil was liigh in, riioist:.iire, virtually 
all of the roots were present in the top loose soil. Tlie inte.nwlatioii 
between^ aggregation, air capacity, soil moisture,' and root growth 
were quite evident. .Both. Sarpy clay and Sarpy line sandy loam were 
better aerated soils than was Houston, data Any difference in aggrega- 
tion between surface and sul;)Soil was not si,ifficient to prtiduce a cliff 
ference in root development, such as occurred on Hcmslon clay. 

Houston soils are well known for tlie manner in which tliey crack 
when dry. These cracks may extend deep into tlie subsoil in the 
sumniertirne and nudee ];)ossil,)ie (or these soils occasicaially to become 
well aerated, to depths of 4. fccl. A vm’v great numltcr Ml roots are 
broken Iry the prr)C‘ess c}f cracking, but th,e l.)ene.f}ciul effect of im- 
proving aeration nia,y oulwtngh tlie root damage df.me. vS«,*!iuster and 
Stephenson (18). Farnsworth, (9), Boynton (4), aiui oihers have 
pointed out the iin|)ortan.ce of ilie larger i;)ores on ac^ra.iiom Farns- 
worth (n) foinal a good conxhition to exist l)etwe(Mi noncapillary 
porosity and yields of sugar bcaUs, when nutrition was anipke SchmsteV 
and Rtc])lkaisnu (18) found a rclatif>nsln|> taUwccii the air ca].>aeiiy of 
the soil at dihVrent <le|)ths and t,he root dislri1.)ulion of nut trees. 

The size of the soil [)a,rtides influences tlie rate of gaseous diffusion 
in soils. In the present study, the inliuence of the r.nechanical composi- 
tion of soil was demonstrated to affect the percentages of O2 and CO2. 
Boynton (4) and others have made similar observations. The relation- 
ship, however, is not absolute, since the arrangement of the various 
particles in the soil, the foniiation of aggregates, and the presence of 
noncapiilary pores of one kind or another are also factews that in- 
fluence diffusion. 

Water is one of the most important factors iiiiiuenciog the aeration 
of soils. In the present work, rainfali brought aboixt the most pro- 
nounced reduction in O2 and increase in CO^ on the soils (Yintaining 
the most cla^c These re>sulis are the same as have been ol.aained b}'" 
other workers. Wei subsoils had a marked influetice on and CC)2 
in Houston day, llie seasonal trends o( O2 and COs in soils are mi- 
doubtedly influenced l.)y the plants rc^inoviiig water from the soil 
by transpiration. Furr and Aldrich (10), in irrigation experiments, 
were able to demonstrate the interrelation between moisture 
and the pex‘centage of Oa and CO2 in the soil air. 

The xx)ots of no plants appear to be able to grow into an oxygen- 
free medium. The effect of low soil O2 and high water table on root 
development have been shown in the present paper. It has also been 
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shown that the high water table was associated with low soil O2. 
Such results are well known. Elliott (8) found that the downward 
growth of corn roots stopped and turned laterally 18 inches above 
the water table on peat soils. Apparently insufficient ox^^gen was 
present for root growth for a distance of 18 inches above the water 
table. On Houston clay aeration also seemed to be poor for some 
distance above the water table, but the zone of poor aeration was 
certainly not so clearly defined as on the soil studied by Elliott. 
Howard and Howard (ii), Bergman (2), and others have shown the 
effect of waterlogged conditions producing superficial root systems. 
Boynton (4) has pointed out that roots of trees are scarce in regions 
in the soil that are frequently low in O2. The roots that appear in 
the poorly aerated soil likely developed there at the time of the year 
when such regions became well aerated. 

The damaging infiuence of high CO2 in the soil has been suggested 
frequently. Cotton root growth was not adversely affected by con- 
centrations of 15% CO2 and not seriously affected b3^ concentrations 
of 30% CO2, according to unpublished data by the author. It is 
only rare that CO2 in soil is found to be above 12%; nevertheless, 
it is possible that local accumulations of carbon dioxide around roots 
may be sufficiently high to affect root growth. 

Loehwing (15) and others have studied the influence of aerating soil 
on plants. He found that aerating soil produced plants having larger 
tops and roots. Aerating also increased the rate of nutrient absorp- 
tion. Boicourt and Allen (3) grew roses in aerated and in unaerated 
soil. The aerated and unaerated soil contained 20.3 and 18.8% O2 
and 0.3 and 1.5% CO2, respectively. In spite of the small differences 
as indicated by composition, the aerated plants grew 68.4 inches and 
the unaerated plants 37.3 inches in 3 months. 

The role of diffusion is extremely important in soil aeration. Oxygen 
must diffuse from the larger soil pores to the smaller soil pores to 
the water fihiis sun'ounding the roots and eventually to the interior 
of the roots themselves. Various O2 gradients must be set up between 
the roots and the larger soil pores. It is the existence and nature of 
these diffusion gradients that determine the concentration of dis- 
solved O2 and CO2 at aiw given point on the root sitrface. The com- 
bined effects of all of the various gradients will determine how satis- 
factorily a given soil is aerated at a given time. 

Aeration data indicate certain oxygen relations existing within 
the soil. When oxygen values are close to 21%, aeration can be 
considered to be good, while values close to zero must be considered 
as being extremel^r poor and unsuited for root growth. Values be- 
tween i and 20% oxygen can be evaluated only in a general way. 
Considerably more work will be necessary, and" new^ methods must 
be developed before the aeration of .soils in relation to root growth 
can be accurately determined. 

SUMMARY. , 

vStudies are reported on the seasonal changes in soil aeration andl 
cotton root grow^th under Houston clay and Sarpy fine sandy loart^,^ 
Some studies are also reported on the influence of aeration undW 
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Hotistoii day on oat; root growth. Data are presented on tJie- relatioto 
■ship' Itet ween, the depth,, .of the water t.a-ble and eott.on. root growth, 
under Hoiistoii clay. -The re 1 atioiwlii.|;) , between -soil -aeration and 
media iii-ea,r cornpositica'a ;icrtility (iiuic’k t-ests atid pea; experi- 
rrie-nts)., and roce; dis'lriljutF:>n a.rc* j:v!“esiail:.ed a.n,d ,d,nHi.;t,tssi:',:d. ■ 

.'riie Vvv,i'ter 'talkie .under .Hfitistoi'i cl.a\' waa gt?!"i'eralh-‘ lie tween 2 
and 3 feet deep iinti-l early sitnimer. During. -igao, tlie 'Water table 
i-eruai necl. suflidentlyDiigli tO' pre'\wiii; - .cottoi'i roots (mm. .gro'wing 
deeper tlia.ii 8 ii'K'lies until after A.ugiisi 1;. 

' Low soil oxygen, at the depth of 16 inches on Houston clo,y pre~ 

■ vented- all -roots froiii -growing deeper tha-ii. this depti'i- until after the 
soil had J^ecoitie better aerated. 

, HormalD, cotton, roots were 'predominately in il'ie 'upper o to 6 
inches until Jiil'y or August. The above was related. .10 'the- subsoil, 
remaining :[airly 'wet a'ud low 'in oxygen,. The soil !;)ecanie riiuelt higher 
in oxygen after the cracked and. a ra.pid development of roots 
oecurrol in the substvd. 

On ma'tiire cotton in the fall of the yeur. aS'-f ni*':)re of tlic* siriall 
“'feeder;'’ roots were in tiie U|;>per 6 inches oi under clay. 

The' nioden'itely poo'.i‘ feeder rcot develt,)|';r'!ient in "ilie siil::eoil under 
'mature ix>ttcn,i is nt'd;: wl'iolly tjue to pt'^or a.erat.i»":'m 1:)ut is liue in part, 
to otlKn^ factors, pr<':d')rib|y a denciency . in a\otilable [}l:n:}Sp]i.on.is and 
nitrogen. 

Tint maximum dcuiii ro^Hs penet rated uad^r H^tusinu (day 

wa„s. tis-u.ally ,|'8 'to 50 iiichest althoi-jgh ■o-c‘ca,sioria.lly some roots grew 
to a dejUh of Pc ineluF. 

IrPgenerah l.:".i,oustor! clay in I\:Iississippi can (:onsidei'ed to-be 
poi;iriy .aerated frorii laic' htll until .early siirarner,. biit the 'exact 
inteiwa! is depcndeiU. irpon raiiifall and. the crops grown. 

Sarjiy line .sandy ■ Icwinn seemingly, ' was sirffieiently well , aerated 
not to 'i'iiariredh’ a,'lie-ct root gr(;)wth. Tlie sii1:)soil -seenied to be fertile, 
with ■ ■.no - element li-iiii ting, root growth, with tlie possible exception: 
of .Tiitro,geii. “Feeder'" root distribution was very good in the subsoil. 
The maximum depth cotton roots usually penetoited was about 5 
.feet: , 

■ .Ruston. sandjr loam was well jiierated, but the . subsoil was very 
deiieieiu in nitx'ogcii and availal>le phospliorus. rndor unfcirtilized 
cott(.m, root growth was iwcdominately in the t,op 12 inches of soil,, 
except in [)laces whcn‘ old tree rorus had rolitah 

A general relationship existed between the pia'ixan.agc's of oxygen 
and (‘arhoii dioxide and the penvniagcs of (hyv, although this re- 
lationship was greatly inihumetMl Ijv the ijiTmeabihty rif the deeper 
layers of soil and chalk to water. 
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THE USE OF MALE-STERILE IH BARLEY IMPROVEMENT 

B arley brecxlers io America, are very familiar with the composite 
hybrid mixtures s|:.)oiisored. ■ by liarlan and Alariinid YLliese 
iiiixtrires, are dt^signed.' to provide genetic reconibinations - between 
desirable* parent st;oclvS witli diverse ecologicvil origins, and to foster 
ecoiiofirical a.iid selective advarieenient of the individual hy1:)rid,s 
therefrom- during segregation and genetic stabili.zatioi:L It is now 
suggested -tliat unriYaled possibilities for conti3'mi.rig recombinations, 
coiiicideiit; with pla-ilt competition, favoring the mpst vigorous plants, 
are afforded through use of a simple recessive niale-sterile character.' 
11'ie maie-stcri'le plants fail completely to set seed unless fertilized 
by foreign /pollen. .In heterozygous populations froiii. 30 to 80% of 
their .florets am cross-fertili.zed under California conditions v 
■ Jones's theory -for the ex'planation of iieterosis,- a.s expanded by 
Powers^ postulates that a large niunlier of dominant or parti.all5^ 
.dominant genes contribute to\va.rd its expressiorn. eit-lier becviuse of 
the direct role i>f fa\’orable dominants or Llimugli inulti|)licative 
effects of mediocre,' or even untavoral>le genes. 'File work of .Imriierd 
indicates tliat tlie greater the manifestat-ion of liet-erosis in. a barley 
cross the grcat<T tlu' |jn.'[Hinion nf liigli-yiihling isolau/s which can 
be recovertfd in later gi'Uerations. In the C^hilifftrnia voerk wit.h Ixiiiey, 
maxiiinnn F] yields lui\a/. 'lieen obt.a.in.ed f3*om lYosses iinT:)Iving two. 
'adapted varieties, although the largest; percentage increases in yield 
above t-he incvins of' two pareivts resti'lled from crossing two varieties 
from dilleirent. eeologicral ha,l:>it.atsd To obtain 'maximum heterosis, 
large gene , as well as plant populations with a, fa.cility for 'continuous 
ivcombiiiation under competitive er.:irid!tions seems very desirable'. 

For the practical' utilization of the n'lale-stcriie character, two 
hybrid populations hata^-been devclof)ed at- Davis, Calif. One, desig- 
■nated as Composite Cross ,XIV (C. I. 7132), was produced by crossing 
each of the eight leading barley varieties. in Galiforiiia on male-sterile, 
’C. L No. 536S-1, and compositing the. Fi seed. 'Adale-sterile^ itself 
eaii'be considered as a Galiforiiia. adapted variety. The second, desig- 
nated as' Composite Cross XV' (C, I. ■7'i33), was derived, by bulking 
F.i /plaiits from 625. randomly' chosen pollen, parents., all crossed' on 
male-sterile. The pollen parents were drawn from the and F'j 
generations of three Composite Cross ympiilations (C. 1 . 6f:>i(), 6620, 
and 6725) wliich were derived from 33 varieties variiUisly comliined. 
Thus, the one p()!pulation embodies great gtaietii* and ecologie 
diversity, while the other stems from ]Kircnts wiitt a eonmam adapta- 

HIaki.an, Ih V., anU MAKnxe Mary L. A comeushp hylrrifl luixtum. Jour. 
■:JinieT,::Boe,Agron^^ ■ v- 

^Rn>UUt,LL ';G-., liBU ScnI'XON, Ck. A;. Crossing; with laale-st-erik luirley. 

; Jpiw., Aitkr,;Soc, 'Agron,,. 36:§2":h5.;^ ; /: ' -h- h-m 

^PowKKS, Ll’:R(W. An expansion of J^JiiesN theory for the explanation of 
;.Tetemsfo,:Atner.;Nat.,,.7S:273-*280v.^^^^^^^ . '' 

^Lmmkk, F. R. Relation between yielding alnlity raid hoiuozygoMs in barley 
/cfossesAjonryATner.Foet Agron'.f,33YdO“':|.cife.y,94i^ ■ ' ^ h ■ ■ ...h '.t 

^’SuHEsoN, C. A., and Riddle, O. C. .Hybnd vigor in l>arley Jour. Amer. Soc. 
Agivm., 36:57-61. 1944. 
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tion and geographical origin. The immediate mean yield of Composite 
Cross XIV should exceed that for Composite Cross XV in California, 
and segregation will be restricted to fewer alleles. Composite Cross 
XV will give a much greater diversity of recombinations, however. 
Thus, in theory, the one population is intended to provide a means 
for substituting more favorable recombinations of genes in a fairly 
well-stabilized adaptation complex ; the other, to provide new genes 
and new adaptation complexes. Both Fo populations will be grown 
in isolation, at normal seeding rates, on i/io-acre plots in 1945. Only 
male-sterile plants, naturally cross-pollinated, will be harvested, and 
the seed there from bulked. This will then be planted on i/io-acre 
plots in 1946, and the selection procedure repeated. After about 
three seasons of continuous random natural crossing under competi- 
tive conditions, and when approximately half of the population has 
become homozygous male-sterile, it is proposed that the selection 
procedure be reversed, either by bulk or pedigree selection, to fix 
the nonnal fertility of the components, to increase homozygocity, 
and to begin their individual evaluation for yield and other qualities. 

Admittedly, the course of the breeding procedure and all the 
likely problems associated therewith have not been fully charted. In 
giving this preliminary report, two objectives are sought. One is to 
emphasize for the benefit of both theoretical and practical breeders, 
the enlarged potentials afforded in barle}^ breeding by male-sterile; 
the other, to offer available seed stocks to interested breeders.— Goix 
A, SuNESON, Division of Cereal Crops and Diseases^ Bureau of Plant 
Industry, Soils, and Agricidiural Engineering, Agricultuml Research 
Administration, U. S, Dept, of Agriculture, and the Department of 
Agronomy, University of California, Davis, Calif cooperating. 

THE EFFECT OF VARIOUS FACTORS ON THE VALUE OF RYE 
FOR GREEN MANURE^ 

T he value of green manures in a soil management program is 
readily recognized. Rye is extensively Used for this purpose. 
Although not a legume, it has certain advantages over a number of 
crops among which are wide climatic adaptability, low cost of seed, 
a less critical lime and fertilizer requirement than a legume, a rapid 
rate of growth, and resistance to winterkilling. 

The prospect of low-cost nitrogen in the post-war period will tend 
to diminish the advantage of growing a legume rather than a non- 
legume for green manure purposes. A number of factors are associated 
with the value of a crop for green manure purposes. Among these 
factors are the yield of both tops and roots, stage of maturity of the 
crop, percentage of nitrogen in tops and roots, the effect of an applica- 
tion of chemical nitrogen on the growth and composition of the crop, 
the ability of the crop to absorb chemical nitrogen and thus prevent 
leaching of the nitrogen from the soil, and the effect of stage of 
maturity of the crop on the moisture content of the soil. 

^Contribution from the Department of Agronomy, University of Delaware, 
Newark, Del. Published with the permission of the Director of the Agricuiturai 
Experiment Station. 
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tend to bear out the latter view. Tissue tests made on the Gorn plants 
showed that in all cases where 50 pounds of nitrogen hael been ap- 
plied as a top-dressing, a high nitrate test was evident. Without the 
50-pound application a blank nitrate test resulted. Extreme “tiring” 
of the lower leaves of the corn, often improperly ascribed to^dry 
weather, grown on the plots not top-dressed further substantiates 
the tissue test. It should be pointed out that the average nitrogen 
content for the rye top-dressed with nitrogen March 27 and plowed 
under May 9 was 1.38%. This is well below the 1.7 figure. At no 
time during the growing season did corn plants grown on these plots 
exhibit any symptoms of nitrogen shortage. It is possible, however, 
that part of the nitrogen applied as a top-dressing and not taken up 
by the plant would have slightly modified this observation. 


Table i. — T/ ie effect of nitrogen and stage of maturity on the yield and nitrogen 
content of tops and roots of rye, iQ44d' 


Treatment 

Percentage N 


Pounds 

per acr 

■i 


Pounds 

Date of 

Tops 

Roots 

Yield 

Nitrogen, 

N 

plowing 

Tops 

Roots 

Total 

TofLS 

Roots 

Total 



0 

Apr. 13 

2.02 

0.97 

449 

208 

657 

9-1 

2.0 

ti.i 

50 

Apr. 13 

4.89 

1 .90 

543 

204 

747 

26.6 

3-9 

3«.5 

0 

Apr. 28 

U51 

0.51 

S54 

325 

1,179 

12.9 

1.7 

14.6 


Apr. 28 

2.58 

1.29 

1 ,667 

505 

2,172 

43,0 

6.5 

49-5 

0 

Mciy 9 

0-95 i 

0.40 

1 ,619 

341 

1 ,960 

15.4 

1 .4 

16.8 

50 

May 9 

U55 i 

! C.53 

2,871 : 

552 i 

3.423 i 

44-5 

2.9 

■ 47*4 


*An yield data expreased on oven-dry weight, Viasis. Differences in yield and x>ercentay'e of 
nitrogen in tops and i-qots l':)et\veen dates of plowing and application of nitrogen are well above the 
r% level. The author is indebted to Mr. C. W. Woodmansee, Assistant Chemist of the Delaware 
^Agricultural E.xperiment Station for anal yaingj: the samples for nitrogen. 

The rye crop was able to account for between 60 and 70% of the 
added nitrogen in its tissue one month after its application. 

The data further show the fallacy of attempting to maintain soil 
organic matter if the rye is severely pastured before plowing under. 
Results from the average of the three plowing dates indicate that 8.2 
times as much nitrogen and 3.7 times as much organic matter are 
contained in the tops as in the roots of the plant. If a large percentage 
of the top is I'emoved by pasturing, very little organic matter will 
be returned to the soil and veiy little favoraldle effect on the growth 
of the following crop can be expected. 

Although corn yields were higher on plots that had received the 
nitrogen top-dressing, the yields were far below normal, S to 12 
bushels of nubbins per acre. Extremely dry weather throughout the 
growing season was responsible for this situation. Approximately 
0.7 inch of rainfall was recorded during the month of July. Due to 
the lack of soil moisture, the addition of the nitrogen as a top-dressing 
was not favorably reflected in practical yield increases. 

The effect of late plowing of a green manure crop on the moisture 
content of the soil is important. The respective soil moisture contents 


7,6 ' ’ JdURHAL OF THK AMERICAN mCVEtY (W AGUCmOMY ■ ' 

for. -the April 3S and 0 dates for the plots, top-di*r?sseci with 
iiitTOgr?!'! was j.B%; a;iKl s.Sho, rcpreseiitisig a'25h% deei'ease in soil 
moisture between the- two dates .or a dissipation of 20 tons of rvater 
!:>y the rye' crop- daring this period, .The elTeet of this decrease in, 
moisture -supply was evidenced in the uneven . and, retarded .growth 
of the corn plants on these pk)ts*— I 'ohn F, Davis, Ikiiiware A gri- 
culUirai Experinieni Station, Newark, IM, 

BOOK REVIEWS 

THOMA'S JE'FFIRSOR AM) THE SCIENTIFIC TRENBS OF HIS TIME 

By Chiirks AkBrmmte, WaUhmfh Massa Chromca Boianka, Vol. S,. 
No. pages ' j6i-4a4, illm, 1^44, 

A USEFUL evaluationof the' scientic influence of ■■ such a 'figure as 
'Tlioinas Jefferson could only be made by a man -of broad scholar- 
ship' in both history and. science. Dr. Browne has these qualifications; 
and he has .taken tlie pains to do a job that is both thorougli and 
interesting. 

The author has abstracted tlie essentials .from a \’ast .literature 
to give a dear pitdaire of JeilersonT concepts in tlie various fields' 
of science, -of his views regarding tlie social significance of science, 
and, of the influence lathad in the developnierit of scientific research, 
and. thought-, Despit.e the obvious marks of careftfl sdailarship, the- 
text is .smoothly written and interesting. Many rela\'ent quotations 
am- given Nmn Jeffersoir s let:ters and, |ia|')ers, togetlier witli illustra- 
tiPiis and maps from the books he wrot..e and from those he read. 

Botaoyt chemistry, geology, geeigraphy— tliese and other sciences 
' Were all -of., great interest to Jell emon;- but he gave special attention 
:to. their pnictical application in Xigriculture, industry, and, the house-. 
holdTirts. Yet the instructions tliat: lie. gave to, Lewis, for co'iiducting 
theTaincais Lewis and, Clark Expedition shows' clearly , enough his ap- 
preciatiou -for the . need of fimdaraental research as the basis for 
progmss in the 'applied sciences. . 

The nuthor draws' easily: am his, wide knowledge of -the history of 
^science 'to .give, the:,rea.der a clear picture of .JeffersonT ‘views' in 
.relatipi'ii-tcv. .those' -of the -distinguished' scientists and agriculturists 
of his time, in fact, he accomplishes the doulile task of evaluating 
the period as well as the role Jefferson played in it. 

- Any' reader:;! in science, in agriculture,- in' - Jefferson,' or 

in the fonnalive ]ieriod of the United Stales will certainly find this 
little book of great inleresi. (And it is a,lst» recarnmended for just 
good, quiet reading withoui any purpose ai all) - Charles E. 

■ MeBiXoom.': V I 

. .INVESTIBACIONES AGEOHOMICAS 
By Alberto Boerger. Monievitleo, Uruguay: Casa A. Barreiro y 

T he author is the distinguished Director of the no less dis- 
tinguished Uruguayan Institute ‘^La Estanzuela” located near 
: Montevideo, where for ycfars he has guided the scientific W’-ork in 
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agriculture for the country in the fields which touch solely on the 
plant sciences, which, as in Argentina, are related to animal industry 
on account of the development of cattle ranges, permanent pastures, 
and specialized cereal production. 

In his preface, the author points out that the work is essentiall}?' 
a compilation of material, well documented so that the critical may 
seek out the sources, and addressed particularly to professional 
agricultural workers in South America. He notes, moreover, dhat 
the work is in a \vay an outgrowth of his earlier work “Observaciones 
sobre Agricultura'" which was less of a resume of the field and more 
personal in its orientation. ' 

Each volume is planned to stand alone and yet to be subject to 
the common theme, producdon vegetal al servicio del hombrd' 
which might be glibly reduced to “Crops for Man”. The first volume, 
The Bases of Crop Production, deals with a philosophy of agriculture, 
natural resources of the soil, observations on climate, agxicultural 
production, cultural practices, use of fertilizers, and factors which 
disturb production. The topics listed are not exact translations of 
the titles used, but free paraphrases of the titles. 

Volume II, which deals with genetic studies and the application 
of its principles to the great River Plate area, includes heredity, 
variation, and selection; outline of the field for use of these factors 
and practices; outline of the government organization in the area 
(Uruguay, Argentina, and the southern part of Brazil) ; longer sections 
on cereal, forage, and oil-producing crops, as well as others plants 
“of considerable cultivation”. 

Volume III, “Production and Man”, deals with economic and 
social aspects of agricultural production and, while no less interest- 
ing than the other volumes, leaves one in a mucli more coBtroversial 
field. The section heads are production and consumption, commercial- 
ization, progress and want, a panorama of the hour, and the latest 
perspective. This volume also contains the valuable appendices; 
bibliography of the Station “La Estanzuela” ; analytic index of the 
former work “Observations on Agriculture”; index of authors, 
institutions, etc., cited in the present work; index of scientific names; 
and general index, 

^ After each chapter there is a resume and a special bibliographic 
list for that chapter. One is impressed at the breadth of the reading 
of the author but even in the too hurried reading that has preceded 
this reviewing, one finds himself returning to that interesting section 
in Volume i, “The Personal Factor” which touches all the enuncia- 
tions of problems, the orientation of work, the understanding of the 
relation of the whole work to the national or larger situation, and so 
on. And so reading, one wishes that the author had betrayed himself 
more explicitly in his present work.— B. Y. Morrison. 
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EXCRETION OF NITROGEN COMPOUNDS BY SOME | 

LEGUMES GROWN IN SAND CULTURE^ . _ ' y j 

Hugh G. Myers- | 

^ . I 

C ONSIDERABLE work was done on excretion oi nitrogen com- ^ 

pounds from legmne ixiots prior to the extensive studies of } 

Virtanen (5)'^ and associates of the Biocheniic'al Institute, Helsinki, 

FiiilaiKh Excretion of these nitrogen compounds occurs erniti(*ally [ 

and some of the eaiiy work probably was not published hei'anse ^ 

replications did not agree within the limits thought nc<’essnry for % 

scien title standards of reproducibility. Principal credit h.»r estal)lisb- 
ing proof and liringing about general acceptance of the excretion of 
nitrogen compounds from legume roots, liowever, goes to the Finnish 
workers. The Helsinki findings have not been wiiiely conbrnitM:!, but 
this is understandable liecxiuse tlie factors governing the pirficess arc 
complex, not fully known, and may vary at different geogra])hii.‘ 
locations and under different environmental eoiiditions. 

Compi'ehensive reviews Ijy Wilson (7) and by Ikirk aial Burris (2) 
and the discussion l)y Wyss and Wilson (9) make further refercutce 
to the literature unnecessaiy. 

The object of the work reported, in this paper was to demonstrate 
nitrogen exci'et ion and endeavor to learn more with regard to the 
conditions controlling the phenomenon. Such knowledge is funda- 
mental to adequate stucty of the excreted nitrogen coiripounds am 
of the mechanism of the process. The biochemical study of fixed 
excretion intermediates already has contributed tiled, erially to our 
laiowledge of symbiotic nitrogen fixation (6). 


M ATE ,RI A LvS A,.M^ 

Because of the erratic occurrence iSf nitrogen ex(,:relion and [U'esem }:ick 
exact knowle<1ge of die ('ondilioris bringing it about, it aj^peai’s dbnnible lo gj\t* 


^The investigatioxi reported in this paper is in connectit)n with a ot 

the Kendxcky Agrieulttiral Experirnent Station and is ijuldislied ilennission 
of the Director. Received for publicatH^^ 1944. 

“Tormerly Assistant in Agronomy, Kentucky Agriciiliund Experiinent Station. 
Lexington, Ky., later Associate; Professor of Soils, Kansas State Cnlkge of Agri- 
culture and Applied Science, Manliattan, Kans.; now in the armed services. The 
writer vyislies to acknovvledge. the helpful suggestions of Prof. P. E. Karraker, 
University of Kentucky, under whose general direction this stud\' was made. 

Tigm-es in parenthesis veto to ‘‘Literature Citedfb p. 89* 
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the lO'iHHW ■ <>fj^';ari!sin |,,irii>r to eellitno lenitinroh:deti eontrob; ^,o‘ew eery little. 
ifKK'uliited 1 v.igniiU:':s at lla:: t.bne *jf liereo^;!: were well ruwlnbeterb Fixorioii of as' 
rnof'h a.e t*o rjiipii oi i^er liafiirno r^iont- ir»;’uiieritly s^reorrojl.. Hie tinaotity 

fked wtis oe low aa i toyin f'ser 000.1.010 ijlani i ?5 tlie rreat.o)en!.s !ia\"in.jt lowest 
IKttassiniu e#:»!s!.ent'. 

nil'.rt.iLten'li‘ee nnliieot. aotislion as TfOitnli'd Viv Vbrtatieii and .Laine 
lb): atlor heiiig nK',u|iiied, wa.a need a,s.ii‘ir’'nnT:-ni'nt ern.iree. Ivlinor oltenents were 
raided, li'tTO' t;a.rf,rot.e wee: .sin !.atit,r£lefi l'o,t‘ ferri<.* rdd'oiirlo, :eiii i?i -leem* e%|:iersnients 
rolsditioTial r|naii!ifiefi oi the lerrir; oik! tn^'ahdoro pltr>s|iT?.a.f:e were rniKed dry 
■wii.h thr:' sa.iirL CbrsTiparieusir id tl'ie a'lottienl: roiiree.a el'iowed little. <iillerence as 
to ididr on pbint e'rowl-h, ■ ' 

A sniull qoattiity rif CaC^^b);.)^ wufi arbieid f.o eaeli ».''ontainer a! the Ijeginniag 
of ' 'the- experirnesit t.o diasten ' growtli aitvl iniiiai-ioti «>f nitrogen nxation i:iy the' 
legiiioes. Tins. W'os a.drled hi. a . rate to sutrrdy o.fo nigiii niircjgciri per platit iti 
• experiments j, 2. ^,-a.nd 4; 0.25 nigni in ex|M!riniont 3, and part r:*f experiment 6; 
■and. 1050 nigni 'm the'resl of experirnenf 6, 2^2,, Jars 35---50. 

.■ Plants, were- watered wdtli distilled. 'water- every 5 to '7 days when- small and 
' e\mry2 to 4 days'afterwards. Water was addeti up of the dry sam! weight 

exeefit trial: in experiment b, 22.5^:y: was tiie rnaxiniuni, ■ 


"■ ;■ :RXddvlUAi'EKTAL .RES'ld'drS A'KId'D 

■, , SI Mlddv TESTS FOR, Otyp.iUtE^ ' ■ 

"riie first: -aiicl. ■,thir«:l ex|::jerii'uent.s. worn nttide wiilitnit spoctartreat-- 
spiT'its’ t-o.' find OP. t if PKonttioiT would- lioi’iny .In ' es|KT*inipni, 't » : in :.addi« 
lk>n to tlu^ plain n>in1>inalinus sfitovn in Taldo i, ass«u‘iati«ms of 
'Dutcdi white eP'na^f, TrtfMtimt repens\ 'mth K€iitiK^kYl'.duegrasSv^-^^ 
:;pmle:n5fo, -and - Koreaii lespede^^E sUpMlmear Wtd^i md^ 

grass, Dattyb’s ^Jomerata, tvtTe started. These kygnines grew poorly 
under the C'ondilions of the experiment and no further work was 
done with them. In each of the other exfKi'irnents some In-aittnenis 
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' were similar to those in the first and third experiments. Conditions 
were considered favorable for 46 associated growths. In two of these, 
both in experiment r, there was evidence of benefit to the associated 
nonlegiime. The rye of these vetch-rye associations in experiment i 
contained 5 and 3 nigm more nitrogen, respectively, than the rye 
grown alone. This increased nitrogen content is thought to have been 
due to the occurrence of nitrogen exci’etion. Unfortunately, the con- 
tainers had been used in previous experiments and some evidence 
of nitrogen carry over l^y similar containers occurred in experiment 
3 ; therefore, the evidence for excretion is inconclusive. 

EFFECT OF VARYING THE POTASSIUM SUPPLY 

Wilson and Wyss (8) and Bond and Boyes (1) have advanced 
similar hypotheses to account for the occurrence of nitrogen ex- 
cretion, which are, essentially, that nitrogen excretion occurs only 
when a delicate physiological balance is maintained in tlie legume 
whereby carl 3 oh 3 "drate SAUithesis b^^ the plant and attendant nitrogen 
fixation in the nodule exceed the rate of assimilation of the fixed 
nitrogen compounds Iw the plant. The excess nitrogenous compounds 
then diffuse through the cell wall. These workers attempted to obtain 
this special plwsiological condition by var^dng growth factors otlier 
than nutrient supply. Experiments 2 and 4 of the work reported in 
this paper had a similar purpose, except that attempts were made to 
obtain this special physiological balance by varying potassium supply. 
Potassium was chosen because of its genentlh^ accepted role in eari)o- 
h^rirate translocation. 

In experiments 2 and 4 treatments were included with initial 
concentrations of 0.50, 0.10, 0.08, 0.06, 0.04, and 0.02 gram KCl 
per liter, except that the 0.50-gram per liter concentration was 
omitted from experiment 4. Further details of the two experiments 
are given in Table i. 

In these experiments there was a fairly uniform gradation from 
small growth at the 0.02-gram per liter concentration to good growth 
at the 0.25-gram per liter treatment. The 0.50-grain KCl per liter 
concentration was detrimental to growth in experiment 2. 

Nitrogen excretion probably occurred in one instance in experiment 
2. This was in one of the two treatments of 0,06 KCl per liter. A 
short period of rapid growth with greening was observed in the rye 
prior to the appearance of potassium deficiency symptoms and at 
about the time nitrogen fixation became apparent. Nitrogen aiialyses 
of the ryejffants in tliis experinient substaiitiated this o]>servatiom 
The associated rye plants in this jar contained 1.4 ingin more iiitok- 
gen than the corresponding nonassociate^^ rye plants. This difference 
is small but appears to be significant because of the very close agree- 
ment in nitrogen content of the rye plants in the other respecti\'e 
pairs of jars in the experiment. As an average of these other pairs, 
the associated rye plants contained only o.oi mgm more nitrogen 
than the corresponding nonassociated plants. The range in individual 
pairs was from 0.32 mgm less to 0.27 mgm more. 
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and results of all experiments 


No. 6 f 


Hairy 

vetch, 

Balbo 

rye 

Hairy 

vetch, 

Balbo 

rye 

Red 

clover, 

orchard 

grass 

Alfalfa, 

brome- 

grass 

Hairy vetch, 

Balbo rye 

Hairy vetch, 
Balbo rye 

Mar. 6, i 

1941 1 

Mar. 17, 

1941 

Mar. 17, 

I 1941 

Mar. 22, 
1941 

Seeding 
N.ov. 27, 1941 

Transplant 
Dec. 5, 1941 

Jan. 30, 1942 

Aug. 4, 
1941 

Aug. 5, 
1941 

Aug. 21, 
1941 

Aug. 21, 
1941 

Feb. 8 

, 1942 

Apr, 9, 1942 

W. 311 

W. 311 

W. 209 

W. roo 

W. 311, HX and Urbane, com- 
mercial 

W. 3 H 


Fiats as ia Exp. 2 


Pints as in Exp. 2 and new New K’-g^d- 
gal. glazed jars glazed jars 

Pints same as in Exp. 2 and 4; 

-gal. same as in Exp. I 


Same as in Exp. 2 


3 L and' 6 NL 
or 6 ML : 


Normal; normal -\- 5 hrs. 


Greenhouse whitewashed, Apr. 19, 19411 


Greenhouse 


500 55N 60" 

. and 65^ 

Air-conditioned 

tobacco-curing 

chambers 


Similar to Exp. 2 except no vitamin Bi Direct seeding compared with Variable teni- 
used; also the greenhouse was white- transplanting; artificial light perature, 
washed during the experiment, giving a supplement; strain of organ- humidity, and 
shading effect ism; type of container; addi- day length 

tion of sterile and unsterile soil 

Fair Fair 7 ~~GoodT" Good~~ Poor to excdlentTtaanip^ T^F 

Until limited by K-deficiency better than seeded; long day lent 

best 

No excretion. Experiment continued iin- No benefit to rye; associated 3 cases benefit 
til nonlegumes benefitted from root de- rye in the jars receiving soil ^ to rye 
composition; this did not occur until near additions were not benefitted 
death of the legume 


nsef Dactylis glomerata, inedicago salim, and Bromus inermts. 
Mr. Orv^n#* Wiree f 
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Attex all plants receiving less thaito. lo gram KC! per liter in the 
rmttierif 'solntioft exliiliitecl potassinrn tieficieiiev, 0.02 gram KCl 
per liter of "solution wtis addc::d to the containers in trie experiment. 
Iliere was siviie resumption of- growth and nitrogen fixation by the- 
legmnes, but no fiirther cnndericx:? r?f nitrogen es«:TV:tion. There was 
110 iiiclicalion of nitrogen excTeiion in (,x fieri men t .p This experiment 
was eoiKliicted similarly to experiment 2. except that it, was located 
in a greetiliousti and o.oB gram KCfl fier liter wm ridded to alle^date 
K deficiency. 

Failure in tliese tw«:) experiments t,o induce riitnjgen excretion, bv 
varying the pot,assiiii]i sufiply agrees with results, publislied. b\' Lud- 
wig and 'Allison (3) on trie eiTeet of iiisiiffieierii: potassium ■ on nitro- 
gen excTetit...ai by peas; Tlirse workers a, 1 so liniited the supply of 
phosphiirus and m one instanc'e oi stilfur without cxiusiiig .nitrogen 
■excretiom 

AN EXPERIMENT IN A COKTROLLEI} ENVIRONAI.ENT 

Six cliambers, each apprciximately 4 X 4 X 4 feet and designed 
for studies ill euririg burley ioliacco 14); wem used ■, for growing the 
plants in the sixtli ex|:>erinient. 'hernfieratiirtc huniidity, and 
lengtl'i were closely contiT.Ted. .Each ciiani].rer was e(,|iiip|:)ed with a 
500-watt clear bidi) and a large svhile retkmior .for illuniination. Idght 
iiitei'isity was adjust cxi t:o 550' foot candles at the surface of the sand.' 
The ' conditions in tlie chambers durii-ig ilic’ experi'inent were, main-' 
taiiic'd very close to the plarvs as shown in Tables i and 2. 

Tlie 50^ tempera.tiire resulted in poor growl'll. Before the tempera- 
iiim was raised; the 12 -hour-day plants iri this group were better 
tliau t.i'ie plants grown witli 9- or ',i5-!iour <lay lengths. -Day 'length 
'had a iiEit'e marked., iolliicuice' on tl"ie 'vetch grow'ii at ds'f Growth was 
most vigorous mid evidencTi of nitrogei'i, fixation appeared earliest 
in -the. ,1 5-hour chamber, with the 9-hour treatment second in this; 
respect. Tlie vetch with, tlie i'2-hou,r day was practically as good as 
the p-hour. treatment a'f ter six weeks but both were inferior to the 
lA'-hduivtreatTBeru 

Excretion" may have occurred in three jars. Nos., 58, 61, and 2. 
■{See Table: 2 '.'for the experimental conditions). Rapid rye growth with 
disappearance , of nitrogeii-defieiency symptoms was obse'rved in jars' 
■' 5S and' 6i: lit the end- of ■;'the fifth week, DillereiKx^s had not been 
'obvious in ' jar 2 by ■ the time- the jars were changed^ at the end of 6 
weeks, Oliservalinns were dithrull to make afuT this bceausc of 
tangled growth. The rye- plants', in these jars .contained 1.4 to 2.5 
mgm inmv uitnigiMp respectively, than the Ciirrespoiiding rye plants 
grown alone. 

Two of the ilircv eases of benefit u? the rye in this c-X])eriment 
oi'emTcal when* ternporature and daylight were maintained at 65^ F 
and 12 liours, restHadively, throughout the experiment. The growth 
■'tof ■thh|tegimies-':in:::these’jars;w'as;fairly:'good^ and':''W,iIson:'{9) 

have observed that excretion usually occurs at intermediate growdh 
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EFFECT OF ADDING SMALL QiLiKTITIES OF SOIL ■ 

Little is known of tlie possible transfer of ii.xed iiitpogen present 
in leguitre roots and iiodttfcs to an associated grass by root decoriipo- 
sition during active growth stages of tlic legimie. 

It was possil':)le- in these expcrirneiitn to obtain Sfime indication of 
this transfer in sand eidtriw^s and a.t trie same time test the possibility 
of- eharic‘e intrr«iucrion of iiiicroorganisms int-o iiiixed growth con- 
tainers being responsible lc>r tile occasional benefit to the grass. 

Troatments were irwluded. in experiments 2, 4, and 5 in rvhieli 
small, quantities of fresh ..field soil wete added to sortie jars and 
c|uantities of the same soil after stcrinEation to other jars. In'experi- 
.nieiits 2 and 4, o.i-gram portions of a mixture of surface soil from 
several places, on 'the Station farm were added to tlie surface of the 
jars and washed into the sand wit ii water. In experiment 5, i- and 
2“grani portions surface soil from fiatir tobacxro rotation plots 
using vet-ch as a co^^er crop- ' were mdded to JialLgalloii and gallon 
jars, rospectively. 

In experiment- 4. :i6 ccsntainers received ■ the soil at the beginning 
of experiment. In arlditi«:>iL 48 more eontai-ners received soil, 
'wiien they had served their purpose in. the of vaiU'ing tlie potas- 
sium supply. A total of 8S associations in tlie tliiee experiments 
received tlie soil axldit icms, Str^-rilc^ soil was usevi in 42 of thi^se instances 
and unsterife soil in 5f>. 

As long as the legumes rnadf’ good growtln tlie seal mlditions were 
not olfserved to bring about transfer Of iiittogen to tlie associated 
tionlegiime. It wa,s nc 4 until tlie legiimes. definitely began to die that 
the ■ associated nonlegimie benefited. It would appear, that root, 
decomposition of growing legumes is not iisua'lly a . ciimplicatiiig 
factor i-tt St tidying nitrogen ■excretion in sand cailturos,. , 

■ ■ , . TESTS, OF SEVERAL OTHER PACTOES ■ , 

■ .Several -Other differonces in pnicedure or growth comlitioiis were- 
tried in some,iTf the 'associations in experiinents 2».4', and 5 with no 
effect cm nitrogen excretion. ■ 

In experime,nt ,2^ -several jars -received additions of a commercial 
.vitamin , Bi preparation. 'This sharply reduced, red'-dover growth, 
sHglitly -'reduced vetch' growth, and had- no effect on alfalf a 'growth. - 
; Shading has been, used to incluee nitrogen’ e'xcretiori - .(S) Partial 
shading - resulted from 'whitewashing - the -greenlio-itse. in experiments 
I and 4 (Table 1). Ihvoday lengths were tested in experiment 5. 
Onedialf of the treatments reeeivet.1 the natural daylight, while the 
other half received an additional 4-L hours of artificial light in the 
evening. Plants grew faster with the additional ligluirigt 

Direct- seeding was coinfiared with transplanting in experiment 5. 
Three sources of Rhizoinum lepimiHOsaru)n also wmw teslctl in this 
experiment. 

:SU.MMARY AML CONCLUSm^^^ 

Grasses and associations of legumes and grasses were grown iii' 
sand cultures. Excretion was determined by observing whether the 
associated nonlegttme benefited during growth and by nitrogen 
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analyses of the plants in some of the experiments. The effect of a 
ntmiber of differences in experimental procedures and growth condi- 
tions upon nitrogen excretion was tried, including different plant 
associations, variations in potassium supply, planting method and 
day length, different sources of legume organisms, addition of a 
commercial vitamin Bj preparation, addition of sterile and unsterile 
soil, and a variety of carefully controlled conditions including abrupt 
changes in day length and temperature during the state of rapid 
growth. 

Grasses benefited six times in 157 associations with legumes, 114 
of which were combinations of hairy^ vetch and Balbo rye. The 
evidence for excretion in two of the six cases is inconclusive. The 
gain by the nonlegume did not exceed 2.5 mgm of nitrogen per 
container in the other four instances, whereas approximately 40 
mgm of nitrogen were fixed per container. Excretion, at most, was 
infrequent and of insignificant amounts. 

Addition of soil to some of the sand cultures did not result in 
transfer of fixed nitrogen to the nonlegume until a late growth stage 
in the legume. 
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EFFECTS OF EAKEf TOPPING ON R4TO0NED 
AMERICAN-^EGYPTIAM COTTON^ 

R, li. Feeble# ■ 

R ^i/rC)0NED Aiiierk’^OFEgy|jftian coilx>n diflers from the annua! 

, groY/fch in sta.ple lengtii, lint pc^rcentage, seed fuaziiiess, and a 
niiinber. of other characters. Tins wa.s ilemonstrateci in a recent 
piiWication on ratooiied S X P cotton, (4);' The aiitiiors suggest that 
tlie ratooned cotton reacted to the envirciiiTnental conditions pre- 
Mailing when it flowered,' lioweriiig. Iiaving begun a month 

earlier than in the annual cotton. This raises the question wliether 
or not; ratooiied plants, resuming growtli in spring on ftallY deYeloped 
root systems, would lieliaia:* diiterentJy tlian seeded exit ton if . the 
flowering periods of the two vvere to. coincide. 

With that consideratic^ii in mind, an experiment to ciTect a m.a.terial 
clela.)^ in the development, of ratooned cotton, so tiiat it. would begin 
flowering at about the same time a.s annual cent, o,n, -.was carried out 
at Sacaton, Ariz. The means utilized .for dehiiing the cro|:) was early 
topping, or tht^ removal of- ah.' new growt:.'h shortly after the first 
flowers appeared.^ A 'lie tier iTKUJiod for making such a I’oniparisan: 
is to plant' the annual coiton (wrly enough for its floweritig period 
to coincide witli that of'tlie rat ^joTied. grow tig Imi it isiioi- possible 
to followmhis prcHo:‘c,h.irc excepf iti r-i. frost'TivvXofailiiyt 

yiAT.ERI.A'LA'HDMimtODS ■ 

' ' Ajjiot of Auacik, an A!!jer!ea.ii“'Eg'V'j',?i.iau variety similar in most of its plant- 
ih;.ira.i!ters .and reritUions to t.lic corTunereial S .% P cot.ton, \y^is available for . the 
cxperixtKAit:.. I'he- p!cg'. ix,mtamol .da rows -of 'stiilibhcaiid was iri.kngth, 

or !eingomr>!.igh fc»r .12 loodooi sci-t.ions fjhn a baiter at eaeli end. 

Tlie dead ad.a..lks of- the |:}re\ious staxp were. tiaek im early spring to within 
a fewrin-ches of ,tlie gronnd, wlrieh Is the i::omnion local' prardice. New growth' did 
not sta'rt/ass3cm.as.’de.dred for high yield, as tlie tirsi inigaiioii was'- unavoidably 
alelayctl initil April 22. .Newatheless, tlie first !!imw.rs apptyireil on M'ay 13, 1943, 
30 days earlier than in 194.2 when the phuits were grown frorn seed. 

; .-On May 'Scy oiie week atter the. 'first .flowers- appeared, all the plants 'in six 
' Alternate seetioxis of the ratooned plot were topped by hand to within a few inches- 
. oi the ground, resulting ia the remov.a1 of virtually all. new growth, wiiich' at that 
time. ra.iig'ed frorn. i8-to 30 iifches in height. On June 22', 33 clays after treatment, 
the 'tapped plants were about- half as't.all as t.he- untreated ones and they appeared 


: ■ :^Cohtril:mtion ' from Division of Cotton 'and Other Fiber Crops- and Diseases, 
-.Bureau of Plant I’nclustty, Soils, and Agriciiitural Engineering, Agricultural" 
Research Administration, .'ll'. S. Dept, -of Agricmltiire, Sacaton,' Ati*. Received 
for pnbHcatkrn SeiUwmber 5, 1944. 

L^gmnomist . - ■ 

'd^igures in parenthesis refer Uj ‘dhteraUire Cited”, p. 93. 

‘‘One of the measures eiuployeil in eontndling the pink ludlwanan is to prolong 
tlKvlhuver-free period in spring, Ratooning has fieen disermraged or prohibited 
in areas under quarantine, hut it is pckssible that r;.itoune<i cotton could be grown 
successfully, without iitterfering with txmtrol measures, if tlowering wvre delayed 
Iw topping, vSud'i drastic treitlment as that given the i'otujn in the present experi- 
nient, which was not topped until the week after the first flowers tqipeared, 
<.'ertainly would be an uneconoinie |,)ractice for laanunercia! growers. In order to 
avoid serious loss in yield the topping operation, wouki have to be done no later 
than necessary to delay flower appearance until the date fixed by the quarantine 
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to be in approximately the same stage of development as seeded America 
Egyptian cotton planted not later than April i. There were a few ilowers but no 
bolls. The untreated plants at that time were not only flowering heavily but 
already had set a good crop of bolls. 

Seed cotton samples were picked from the untreated sections August 23 and 
from the later maturing topped sections September 24. Each sample contained 
50 boils. The methods used in analyzing the seed cotton samples were the same 
as those follow^ed in the comparison of ratooned and annual S X P cotton 
carried out in 1 94 1(4)- 

EXPERIMENTAL RESULTS 

The effects of early topping on the ratooned plants (1943) cire 
summarized in Table i, where for comparison there also are given 
the coiTesponding means for the annual and ratooned S X P cotton 
of 1941 (4). 

The untreated sections of the ratooned Amsak cotton yielded at 
the rate of 473 pounds of lint per acre, as compared with 272 pounds 
from the topped sections. The latter, however, were not only less 
productive by reason of the topping treatment, but they also suffered 
from a heavy infestation of Lygus bugs and stinkbugs. 

Analysis of the samples from the topped cotton showed that it re- 
sembled annual rather than ratooned cotton in most characteristics. 
Lint percentage dropped from 33.8 in the untreated cotton to 30.4 
in the topped and lint index from 6.0 to 5.4; staple length increased 
from 44.0 thirty-seconds inches in the untreated to 47.3 thirty- 
seconds in the topped, seed fuzz index from 0.20 to 0.47, seed index 
from 11,8 to 12.4, and fiber fineness from 3.50 to 3,55 micrograms 
per inch of fiber. These difinrences, as well as the difference in yield, 
correspond remarkably well to the differences that were found be- 
tween the annual and ratooned S X P in 1941. The increase in staple 
length and seed fuzziness and the decrease in lint percentage and 
lint index in the topped cotton are so great as to be especially note- 
worthy. 

Fiber strength, boll size, and number of seeds per boll departed 
from expectation. The fiber strength indexes of the samples of topped 
and untreated cotton, respectively, were 11.2 1 and 10.82. In the 
topped cotton 169 bolls were required to make i pound of seed cotton, 
as compafed with only 150 bolls per pound in the untreated, and 
the bolls of the topped sections contained 15.1 seeds each, or 1.8 seeds 
fewer than the bolls of the untreated cotton. 

The fact that the bolls from the topped plants were smaller and 
the seeds fewer (highly correlated characters) can be attributed to 
the boll damage caused by hemipterous insects that invaded the plot 
in unprecedented numbers in July and August. The untreated plants, 
having an initial advantage of almost five weeks, avoided the worst 
of the infestation and comparatively few of their bolls showed injury. 
Therefore, of the 10 characters under consideration only fiber strength 
can be considered definitely at variance with the trend of the experi- 
ment.'' 

DISCUSSION 

The superior strerigth of the fiber from the topped plants is ano- 
malous, especially since the fiber was more than 3/32 inch longer 
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than the fiber of the untreated cotton, for as a rule ‘'growth factors 
that produce greater length than is normal for a variety produce 
poorer structure and less strength . , . conditions that tend to produce 
shorter fiber favor the production of better structure and strength®' 

( 5 )- 

The distinct difference in the main flowering periods of the topped 
and untreated Amsak cotton naturally leads to a consideration of 
climatic factors. Meteorological data for the months of June, July, 
and August are arranged in Table 2. The data for June and x^ugust, 
respectively, offer a good comparison of the seasonal conditions 
affecting the untreated and the topped cotton. Conditions in July 
can be of little comparative value since both the untreated and the 
topped cotton flowered freely in that month. The comparison of 
climatic conditions in June and August can be extended to ratooned 
and annual American-Egyptian cotton grown in southern iVrizona 
in any normal season, as the seasonal trend in 1943 was not materially 
different from the average (Table 2). 


Table 2. — Meteorological data for the main flowering periods of topped and 
untreated cotton in a plot of ratooned Amsak, Socaion, Arts., 1^43. 



Flowering period 
untreated cotton'”^ 


Ditlereiice 
between ' 
June and 
August 

Weather phenomenon 

June 

Flowering period 
topped cotton*^ 


July 

August 


Mean maximum temperature, : 

1943 

100.2 

104,7 

98.3 

■ 

1910-1943 

102.0 

103.0 

100.7 i 

•hl .3 

Mean minimum temperature, °F : 



! 


1943. 

64.3 ; 

72.8 ■ 

73*1 

-8.8 

1910-1943 

64.3 

73.7 

72.7 : 

—8,4 

■ 

Mean temperature, °F: 

1943......... 

- 82.2 ' 

88.7 

85-7 

.-3.5 

1910-1943 

83,1 

88.3 

86.7 


Precipitation, inches: 

1943 

0.04 

0.00 

3-64 

-3.60 

1910-1943........................ 

0.13 

1.56 

I .56 

43 

Evaporation from an open tank, inches: 
J 943 - 

10.04 

9.83 

8.85 


18-year period ending with 1943. ... 

9.44 

9,12 

7.90 

-f 1.54 

Mean daylight period, minutes .... 

858 

845 

801 

“hS? ■ 


^ *These limits are fixed arbitrarily to correspond with monthly weather stunmaries. As a matter 
01 fact, the untreated cotton began flowering in May and had set most of its crop by the middle 
of July, and the topped potton flowered lightly in the latter part of June and continued into Septera- 


Maximum temperatures in June were 1.9 degrees higher than in 
August, minimum temperatures 8.8 degrees lower, and the mean 
temperature 3.5 degrees lower. Rainfall in June was negligible, 
whereas in August precipitation totaled 3.64 inches. Evaporation from 
an open tank was 10.04 inches in June, as compared with 8.85 inches 
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ill August., Averages for the fjeriod from 191:0 to ifi43 give an indica- 
tioii of the iiornial summer- climate at Sacatom 
. Evapomtioii irorn an open tank, wliie!:i. reflects . the interrelatio-u 
of relative- liuiiiidity,' teniperature, wind velocity, anri- sunshine, 
prcAiably is a, good measure of atrnosplieric: condit:ic;M'is conducive to 
distress in fruiting cDtti:)ti plants in hot desert regions' (2}., Eaton, and 
Beiden (i) state that cotton p'lants in tlie Soutliwest frequently show 

■ considentble wilting on h,ot dry days even .tliougli, tlic-re is an abiiridant 
supply of moisture i.n tlie soil, co-nfirn:iing a sinii'li:ir oliservatioa by 
King -(3). ■; The .fact tliat evaporation in June exeeed.ed: evaporation 
ill August by 13%^ would indicate that trie early-tiowering untreated, 
plants were subjected to a, degree of stmss not endured by the, topped 
plants, which, did not flower freely until July and A.i,igust. 

The behavior at Sacaion of certai!i vigorrms [lerennial varieties 
from Peru, whicli suspend flower prod,i!.ct ion in, iiikisiininier, suggests. 
; tliat cc^tton iiiay' not be entirely inse.nsitive to variations in. length of 
Aa\n Si-nce the' average dayligl'it period in June exceeds that of August 
by approximately 1 Imur per -dayi it is pfissible tliat llie untreated.. 
Amsak plants, in. full flower during Jiintc rtmcted, tf::j the greater ex- 
posure to sunlight. At least, th.e longer days accentuated the effects 
of the hot dry Jt,i.ne weathmt 

Of tlie r:neteorologic’a.l fac'tors tliat- tiave been taken into c:“oiisidera» 
tioip evapi:->ratiGn frofti an open tank and lengili of diiy diffeivd 
: greatly irrj'u-ne and .Augus'i and a..re suspected of hatting liad a bear- 
ing on the diitemiu,:es found between tlie tofiped and untreated 
Amsak, iti j:943, Ft;irtliermore, it is assiinied tliat the Irict-ors operative 
ill .1943 may siniiiarly affee!: cotton in any seastm in soutlier-ii A.ri2ona, 
■since climatic prog-ivas m 1943 was -rmt !'t:ia.t:crialh-' cliltcrent frotxi 

■ tlie average. 

■ SI,1M.MA'RY 

Alternate sec'ticais in a plot of ratoo'iied Ainsafc fAnieriiain.-Egyp- 
, d,ian) cotton wem materially delayed by rerncnvil of- the new growth 
from. tlie plants o-n Alay 20, 1943, one week after the first flowers 
appeared. The i!iiti.al delay amounted to nearly five week-s. Conse- 
quently the topped ratooned Amsak reached the -flowering stage- at 
about the -sanie time as annual A-merican-Egyptian ccYctoi^^^ 

, f Samples from the topped plants d.efi.tiitel.y resembled an-mial cotton 
:;in; respect ;to most characters, as compared /with the untreated cotto.ti, 
■although the fiber wa,s stronger and the l.xolls wort* snialler a,iid fewer 
■seeded Than iir - the cotton that was not topped.: Insect damage in 
the retarded topped cotton prol:sal>ly' acH^nints for the sntaller lx>lls 
and fewer -seeds in tlle .bolls, leavmg^ 'fiber 'strength as the sole un- 
qualified exception to the trend of the exiwriment. 

• .f -.DifferenceS;. ill; field, 'fe percentage, Tint 'index, staple strength, 

' seed seed indeXj Uind;: -fiber iineriesswigree' well with .cor- 

responding differences previously found IxTwccn annual and ratooned 
S X P cotton. 

The mere fact that ratooned cotton developes new aerial parts 
from a fully developed root system does not in itself seem to have 
important effects on the seed cotton and fiber characters. 
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On the contrary, the semblance of annual cotton observed in the 
samples from the ratooned plants that were delayed by early topping 
indicates that the distinguishing characteristics of ratooned cotton 
may be determined to some extent by the climatic factors that pre- 
vail during the main period of reproductive activity, modified by 
other factors, such as the relative scarcity in early summer of insects 
that cause shedding and boll injuiy. 

Seasonal climatic factors apparently involved are drying atmos- 
pheric conditions, as measured by evaporation from an open tank, 
and length of day, both reaching their maxima in June, the month 
during which ratooned cotton flowers most freely in southern Arizona. 
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GUAfULE. PAHTHEXICM AKUHNTATIAI GRAY ’ 

AND r\ IXCAXVM H. B. KJ 

1..eRoy Pcjwe'Rs and Reed C. Rollih'jP - 

T he prcviotisly aA^ailabie iiiiormatioii on the method' of repro- 
duction and the irietliod o'f pollioaiion in giiaMiile, Parihemum 
ar^enialimt Griif, is both confusing 'and conflicting, Kokieva' (12)’^ 
says, "'As regarcis polliiiatioo, observations on tlie niorpliology of tlie 
guiwxik inflorescences coiifirmed likewise by some biological ■ data ' 
make us consider tliis plant as a cross pollinating orie''b In contrast 
to this statement is that -of Pissarev (I'S)' which is as follows: “For 
the purpose of finding the most expedient method of bmeding we 
have investigated the. biology of flowering and 'tlie pollination in the 
guayule. In the result of tliese experiments it has been established 
that for praetical purposes, the guayule may be regarded as a self- 
pollinated. plant, though the pos.sibilit5" of cross-pollination is not 
exeluded'h Proliably tlie most critical wesrk on the metliod of pollina- 
tion in guayule is that of Kalashnikov (10), He found that guayule 
tinder the co'uditions of Kam-Kala to be iiitenTiediate between, the- 
self-pollinated and cross-pollinated platits, Kirkwood, (n j makes the 
.following statement : “Pollinat-ion is effected and ferti!i2:a.tion occurs 
in the usual mant'ier as indicated by the presence of the iiollen-tube, 
the development .-of glandular tissue at the inmitli of the niicropyle, 
influencing apparently the growth of the polleietubej.and. the aimost 
const-ant oeciirtence of eni!;>ryos in the earlier stages of developraent'k 
From 'Studies O'li the development of tlie .female gamet(.iphyte in P. 
mi^ntatum Kokieva (13) also earae to 'the eoi'idnsio-n that repro- 
iliiction is sc'xual; but. points out that since fusion of the male gamete 
and the ngg lias not hem observeeb further work is nec’essary. Dia- 
/nova, Sosnovetz, '.and Steshiria (5) from embryological and. c!ontrolled 
' pollination studies concluded that iiorm.a.l sexual reproduction takes 
place in guayule* Some attempts at hybridisation conducted by W* -B. 

- M'eCalhiiii (unpuWished) indicated 'that apomixis ma}?* be oc-ciuTing 
.i'll at least some ■strains, ■ . 

-V ■It is apparent that the previously ' available information is not 
■acleepaate, and therefore critical and cliseriiBinatory studies on repro- 
■duction aiicl pollination in P. argentaimn a'lid P* imamim are essential 
-for the.' d:evelopment of aii e.ffective' breeding progmim The' purpose 
of thist'artiele is to report' the results from studies :<:nii'k':vTTiing the 
methods' of reprcxluction and methods of . pollination in guayule, P* 
w§gniaium, m^moinr P^ incminm. 


■ ' -^Contrilmtion froni the Chaayijl 6 'ReseaiTli -.lkc>je^ Ih S, Dei:)!, .of Agriculture, 
Agricultural Research Adniiitistration, Bureau 'of Plant Industry, Soils, and 
Agricultural Ejtgineering, Salinas, Calif. Received for publication 'September's, 

,'-..19441^; -v: 

^ ^Principal Geneticist and Associate Geneticist, respectively. The senior author 
wishes to express his appreciation to Dr. A. D. Bergner for the determination of 
; the chromosome numbers for ' the intraspeciic studies, 

^Figures in parenthesis refer to ‘'Literature Cited”, p. 112. 
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The investigations on reproduction and poilination in P. argentatum 
and P. incanum were divided into two parts nameh^ intraspecific 
pollinations and interspecific pollinations. The experimental results 
will be presented under these two main headings. 

. INTRASPECIFIC POLLINATIONS 
MATERIAL AND METHODS 

For a general description of the inflorescence, the morpholo£v of the flower, 
and the seed (achene) the reader is referred to Lloyd (14). 

Both greenhouse and field studies were conducted. The greenhouse studies 
were started in the winter of 1942-43; wdiereas, the field studies were started 
in the summer of 1943. In the greenhouse the following plants were used and the 
indicated pollinations were made; 593"9 9 X 49“2 d’ and reciprocal; 444-7 9 
X 49-1 d and reciprocal; 444*8 $ X 427™5 o’" and reciprocal; 406-12 9 X 
427-6 (d and reciprocal. 

Since so fewr seeds were obtained when 49-1 or 49-2 were used as the maternal 
plant, the data for these particular crosses are not included. The following six 
diflerent treatments were employed: 

1. The florets of the capitula w'ere not treated. The flowering branches were 
merely appropriately labeled. 

2. The florets of the capitula were brushed with a camel hair brush during 
anthesis. After brushing the stigmas of the florets, an adequate sample was 
examined to assure that pollen w^as adheiing to them. 

3. The capitula were emasculated but not covered with a percale bag nor 
were the ray florets pollinated. 

4. The capitula were emasculated by removing the disc florets and all the 
capitula of the flowering branch were covered with a percale bag. The capitula 
were not re-examined. Pollen was not applied to the stigmas of the ray florets. 

5. The capitula were emasculated by removing the disc florets, theTxipitula 
of the flowering branch were covered with a percale bag and pollen, collected 
from the same plant was applied daily to the stigmas of the ray florets until the 
latter had turned brown. At the time of pollination the eapitifla were examined 
for disc florets that might have been missed during emasculation, and anv found 
were removed before dehiscence. 

6. The capitula were emasculated, the capitula of the flowering branch were 
covered with a percale bag, and pollen from the male plant was applied daily 
until the stigmas had turned browm. Each day before applying pollen the capitula 
wrere examined for any disc florets that might have been "missed during the first 
emasculation. Any such florets were removed before the anthers had dehisced. 

To avoid confounding, any differences arising from the above given treat- 
ments with time of treatment and age of plant, six flow^ering branches of the 
same stage of maturity were selected and labeled according to strain and plant 
number, date of treatment, and treatment. Flowering branches of anv given 
plant were selected for treatment only w^hen it w^as possible to select "six (or 
some multiple thereof) having the same approximate degree of maturity. Each 
flowering branch was reduced to five capitula in case more were present. 

At this time it is well to consider how these six treatments may be expected 
to provide information on the method of reproduction and the mode of pollina- 
tion in Treatment i serves as a standard (check) for the other 

five treatments. Treatment 2 furnishes evidence whether the percentage of \4able 
seed is increased by assming that pollen of a given plant gets on the stigmas 
of the florets from the same plant. Treatment 3 provides evidence as to whkher 
the norets from emasculated capitula receive pollen from surrounding capitula. 
Also, This treatment may furnish information as to the effect, if any, of emascula- 
tion (removing the disc florets) upon the foimation of viable seed. Treatment 4, 
m companson with treatments 5 and 6, furnishes information as to wdiether 
pseudogamy us occurnng. Treatment 5 provides evidence as to the effectiveness 
of the plant s own pollen in bringing about the formation of viable seed, and 
also m companson with other treatments should yield some information as to 
the effect of emasculation and the percale bag upon the formation of viable 
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seed. Xre^itiTitMii 6 sl’icjiild fistniBii inforniation as to the effeetivetiess of the pollen 
ironi the male fdant in bnnging nbont teed fornmtiojie and iogetiier with .a test 
oC tlie progeny xesiilting fft^ni self'pollinafions and refipror'al crosB-polliriations, 
ftirnishes informaticj!i as xg the Tnetlajil or TnetlicKis of repfodnction oeenrritig 
in these plants of iC / ’ 

■To detennine the pT'oportioH of ^dable seeds for tiie vrnions t:reatfnents, gei'mi- 
ruuion studies ’s'sere I'oiid'urtecL Tlie design iJie cKiserinient. \vas a randomized 
■ecmiplete blocks there being lo wi.i.1i 35 seet'ls per l.ilock, making i\ total 

ot 250 seeds |)er variety. 'The seed was left in the gerniinat'Or for a. ireriod of 21 
days, tlnriiig which daily geiiniiiation records wcxe taken. Ea.e 1 i day those that 
bad g'enni.na.ted 'were reniovcd, from tlie blotters and the pj'cigcny r-esu1ting from 
scrif-poiliiiatiofip and reciprocal eross-pollinatioiis to lie tested itni: lief were trans- 
ferred to- individual pots and placed in^ the greenlioiise. At the end of the 2i~da\^ 
period ’ the jiumber of tlie renKiiiiing seals possessing eotyletlons and presumably 
embryos -was determiiiab llicse potted plants w^ere. £ratiHp1a.iited (tom the greeii- 
into the field on A! ay 17, 1944. 

■ '111 order to obtain inforrmiti-on concetiring the rnetho?! or rnetliods of reproduc- 
tion OiCc,:urriJig, itms necessary 1:o (‘bssify as to phenotyyi'C those progenies, result- 
ing 'from self-pc^llinatioTiB and. reriijrocal eross-polfinatioris. Tlie* general charac- 
teristics of each idant Uygpuier witji a. detailed study: .of certain diara.cters 'were 
used in classifying t!ie plants as to whether tlie iHienotype was that at the maternal 
plant, and in those ins'tances in wd'ucii such W’as not the r^ase, in further classify- 
ing them as to w'hether tliey sheuve^i any ciianarteTls'tir's of iJie pollen plant.' The 
d.c‘|>t'l'^ and angle of the cleft of tlie corolla, together witl'i tlie size I'liid sliape of 
the corolla,' wiis iound to be %’ery he]|:)fu1 in making tlie phenotypic classifications. 
Also,: tlie rlKU'«icterisucs of those lear’es formed after the |:ik'?nt 1'iad i:'a:?en growing 
tor some f.ime W'ere found ^ to be particularly helpful. In using leal characters' 
it i.s dcKirable, if .not. esrmhkib that the plants l:>c r.»f the saiin'? age. Siicli wa,s the 
case in these studies. T-richr?rniC’eh.:i;ra.j'te'ristics IRallius, 1 9) were found, to be 
liel|Tul i'dso. A pari son of the lengtli of tlie cliori.arm (Igised «:u'’i attiic'hment 

point ) of the irkdiorne adjusted lor the tota.1 length of t.he t.riehonm by the n'lethod 
of regrtfssion w'as foimd to add t:onsid'era1:>ly to tlic relialhhty' erf the classiheation. 

, ; Also, plants were classilicd as to ydirornoHfune .gniiip. Bergiier (1) and 
Stebliins (24), fownd 'that the: colleiitcu'is erf gua.yu1e from hlexieo and the TVans- 
Fecos area, of Texas ta.l! into major groups, iri.whii';h 2n - 3b -r, 54-1:: and 
72';:bv As inrlicaied ■ iiy the ■■ 4 - aud_pb yyrnbr>!s cleviatiotis from these numbers' 
occur. Conseqiumlirn thie iiosrilrfe eiTeci's due !» aiimpiloidy niuat be kiqtt in mind 
wlien making tlie pl'iench.y'pic elassiflcatirmro The cltnii.TiosOi'ne ,gron|:cto wirfcli 
the, |.ila.nt belonged was determined liy nuikirig cm.ni!s and by di^'inieter measiire-: 
..nients i:rf Hie pollem .■ 

. : Abcirtvisit frfants -wl'ikh iiiilnenced the dassitication were found among, the 
progeny of the 54:b -chromosome. grenips. The eharaeteri sties of these' 

^aberrant filantscwere as follows: 'Growtli wa.s genenilly slow aiicl irregular. The; 
leaves liave an irregular patt.ernj^a stra'p-like appearance, and are thicker than 
ithedeiives of the normal plants of the same populations. In addition, the pollen 
grains and capi tula a-re larger .arid the peduncles are thicker, hi every ease these 
^ aberrant plants- coiiii ted from the ^4' A: gremp had Bt rfc chromosonies and in all 
;but;a very-few eases tteeraaunted 'from, the 72rfc: groiy;> had loSd: eliiuimosomes. 
■Rarely', btit ,111, a few. instances- the aljerrari't plat'its trom the . 72ri: '.group were 
foutui to be anettploids of tiiat group, 

' : ' In inaking; the classiii<ations it was necessary to 'have the following in mind. 
.TIm:patUirtal.'m.:'iterial prol'iably is, heterozygous 'for .the'' genes ■differentiatmg a: 
number ih tlie chava.ct.ers. Also, it seems proixible that fiolyploiii)', aneuploidy, 
of i'hromatin, ymd olljer (\vtologieal irregularities are causing variabilif-y 
among tfie I'jlaiH.s of t liesejmogeuies, t hie otlier fact should be mentioned. Among 
the 152,000 plants examined in the held three chimeras were found, showing 
that genetic varialdlity arises during growl, h of the irfani. 'This sou roe of variability 
hus very little, jf any, bearing on the elassiilratioii an<i in respect to guayule 
jwoluihly very little iniportunee as a method of plant breeding. The <!irferences 
Ijotween the plants used in self-pollinations and recif>roea,l cross-pollinations 
were of sufficient magnitude so tliat the variability noted did not prohibit an 
accurate dassiheation of the plants, Imt an appreciation of the fact that this 
variability was to be expected aided in making the classifications. 
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EXPERIMENTAL RESULTS 

Table i gives the percentage of seeds that germinated among a 
total of 250, the data being classified according to treatment and 
plants. From the data the following conclusions can be drawn : 

Brushing of the nonisolated capitula (treatment 2) increases the 
percentage of viable seed. The emasculated and nonbagged capitula 
(treatment 3) produced almost as many viable seeds as the non- 
emasculated capitula, showing that pollination occurred under these 
conditions. 

The data concerning treatment 4 need to be considered in detail. 
In this treatment the capitula were emasculated and the five capitula 
of a flowering bi'anch were covered with a percale bag, but pollen 
was not applied to the stigmas of the ray florets. The strains averaged 
0.7% of viable seeds and in this respect there were no significant 
differences between plants. This could be interpreted in one of three 
ways; that apomixis was occurring, that emasculation was not com- 
plete, or that the isolator employed was not completely effective. 
Incomplete emasculation was suspected since in making the pollina- 
tions for treatments 5 and 6 it was found that occasionally disc 
florets had been missed at the time of emasculation, due presumably 
to their slow development. They were undersize. In case of treat- 
ments 5 and 6 these were removed before dehiscence. However, 
since the emasculated and bagged capitula (treatment 4) were not 
examined after once having been bagged, it seems probable that 
enough of these small disc florets were missed to allow the develop- 
ment of the percentage of viable seeds noted. To further check this 
supposition another experiment was conducted in which both kraft 
paper and percale bags were used as isolators. The data and method 
of treatment are given in Table 2. In this experiment, to assure that 
all disc florets had been renioA-ed, the emasculations w-ere checked 
repeatedly until the stigmas of the ray florets had turned brown. 
From these data it is evident that apomixis without pollination is 
not occurring. In other words, if apomixis is occurring, pseudogamy 
(for definition see Sharp, 22, page 406) must be invoh^ed also. In 
addition these data show that both the kraft paper and percale 
isolators are entirely effective in controlling pollination. 

From the data for treatment 5 of Table i it can be seen that self- 
pollination for all these plants is effective in bringing about the pro- 
duction of viable seed. MoreoA’^er, neither bagging nor emasculation 
seems to have any appreciable adverse effects on the formation of 
viable seed. The data show that 427-5 and 427-6 do not produce as 
high a percentage of viable seed when self-pollinated as when pollina- 
tion is not controlled, indicating that all pollen is not equally efibctiA^e 
in bringing about the production of Auable seed. 

The Jesuits AAuth cross-pollination (treatment 6) are very similar to 
those for self-pollination, in that the averages for the two Treatments 
are not significantly different. However, there is an interaction for 
treatments and plants. That is, all treatments do not produce analo- 
gous results for all plants. The percentage of viable seeds for 444-7, 
427-5, and 427-6 were significantly less for the controlled cross- 
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potlifialioiis tlia.n for the lojiiiroilec! self-iicilliiimitii'is. Thh was not 

true for plaiit^s 593- 9, 444'--S, aiici 4^6 12. Such, results dearly demon-' 

strata that all pDlleii! is not ec|iially e!Teet.i've in. about the 

imiductioii of viable seed. 

It tvill l:)e remeiiiijered that a |ini|::iorti.o!i. of the- |')rof^uiics from the 
(controlled self- and <:rosS"|.a)llinations were . grown for .phenotypic 
classificatioiL The !'iurnl.,)or t.:>f plants iioiidistingui-sliable from the 
maternal phenotype and the iiutiiber of pliints distinguisliable from 
ti'ie pollen plant aTC‘ giveri iii Table 3. The most striking .fact , of these 
data is, that regardless of which plant is oiaternab Sake - or more of' 
the progeny have a pheiicA^ype iiondistingiiislial'ile from that of the 
maternal plant..- This, together W’itrrthe data of Tables i arid 2, 
himishes conclusive evidence that iionsegregating apoBi..i,xis is ' the 
■predominating method of reproduciicm in these' pla-iits and that 
pseiidogatutr is occurring; that, is, pol 1.11.1 a,iion is necessary for the 
development -of viable seed. F'urther, the fact tlvit these plants (323 
individuals of column 2, Table 3) which have, a phenotype non- 
distinguishable from that- of tiieir maternal 'fdant tiossess the chromo- 
soni.e number of that plant sliows that nonrediKdion is occurring. 
Then the iriethod of reproduction giving rise t.o individuals is 
‘Tonreduced. (211) pseudogaunth 

3. Classijlmlkm of l/i?-* individHa! p'ianli> io wkrlkrr they nre crass- 

ar seif-pidiinated, xvheiher ikeir phenotype is or is nai distini^nislmhie Jrmn tiuU 
af ike maiernal plant, xahetker they show any diff'ereniiai dmracterisiics 
itf the pollen pkanl, and jlnaUy nceording to ike ekrmnasome ywup ia 
which they helm y. 
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Additional infomiation concerning the methods of reproduction 
occurring in these plants can be obtained from the detailed classili- 
cation of those plants having phenotypes distinguishable from that 
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of the maternal plant. The plants of this class were further divided 
into those showing no differential charaeteristics of the pollen plant 
and those showing some differential characteristics of the pollen plant. 
Each of these is again subdivided into those having 36+, 72 and 
1 08 zb chromosomes. In considering these chromosome groups it 
must be kept in mind that the chromosome number within a group 
is not the same for all plants. That aneuploidy occurs, must be taken 
into account. 

First, these data will be examined to determine whether sexuality 
is occurring. Since the plants used in any given set of reciprocal 
cross-pollinations differed greatly, the two sexual progenies, if any, 
resulting from self-pollinating the plants should be phenotypically 
distinguishable. That is, no overlapping segregation would be ex- 
pected. From the data given in columns 3, 4, and 5 of Table 3 it can 
be seen that in no case did those individuals arising from self-pollina- 
tion and which have phenotypes distinguishable from the maternal 
phenotype show any differential characteristics of the pollen plant 
used in corresponding reciprocal cross-pollinations. Moreover, a 
detailed examination of the characters of these plants revealed that 
in every case they were phenotypically distinguishable from the 
progeny resulting from self-pollinating the pollen plant. Conse- 
quently, the conclusion reached is that there was no overlapping 
segregation between the progenies resulting from self-pollinating 
the plants of any given set of reciprocal cross-pollinations. However, 
it should be pointed out that the individuals of any one progeny 
differed among themselves, proving that the plants are heterozygous 
as was suspected. These facts, together with the information that 
no viable seed was formed (data of Table 2) by the nonpolliiiated 
florets of these same plants, furnish conclusive proof that the seven 
individuals in column 7 of Table 3, since they have 72db Ghroniosonies, 
arose as a result of normal sexual reproduction (reduction followed 
by fertilization). Then it follows that the first six individuals of 
column 4 of this same table arose as a result of normal sexuality, also. 
Finally, since it has been established that nonreduced (2n) pseudo- 
gamy and sexuality occur, the obvious and logical conclusion is that 
the 108 zb chromosome individuals in this material arise as a result 
of abnormal sexuality (nonreduction followed by fertilization). 

There remains one plant of Table 3 whose origin has not been 
explained. This is the 72zb chromosome plant of the cross-pollination 
444-8 X 42 7”S' It is phenotypically distinguishable from the mater- 
nal plant but does not have any of the differential characteristics 
of the pollen plant. The fact that its phenotype is significantly 
different from that of the maternal plant shows that it could not 
have arisen as a result of nonreduced (211) pseudogamy. Likewise, 
the fact that it has no differential characteristics of the pollen plant 
makes improbable the supposition that it arose as a result of normal 
sexuality. Abnormal sexuality (nonreduction followed by fertiliza- 
tion) is ruled out by the chromosome number of the plant, 72 zb . The 
genetic segregation necessary to account for this plant could have 
taken place if it had arisen through diplospory (for definition see 
Stebbins, 23, page 51 1). An alternative explanation would be that 
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this piatii. arose sexiSiiJh^ as ri result of seif-polHiiat'-ioii; However^ 
this ■ sectTis highly . iitiprobalikc since i1ie eiiiosriilatecl' laiy florets, 
cTOSS-polliiuited at ' the time* of osaihi .pollination were eKamiiiecI for 
titiy disc florets tlcit: had not, Isetsi reiTioved previoaslys The data of 
Table- 2 show that, when siici'i a proceduiTc was' fc>i lowed iwflli nation 
was, elTeetively c-ontrolled, 11a?iE it Eceins probable tliat, “pseudo- 
gatnous diph:iS|>Ofry“ occurs occaisioi-iallv in some plants rd gimyifle. 

That: 36 -i- id'iromosonie' individuals occur .aniorig the progeny of 
t-he 72 cb group has been shcfwn liy Bergiier (1), -I'o date, four plants 
with iT-duceci ,(i!i).cb.rornoE(:mie niiiiihar have i>een found -in the fi.eld 
fflantiiigs of tliose plants gn:jwii,fron.i the set:d: collected fixirii Mexico’ 
and the Trans- Pecos area of Texas, Three' of these wei'e derived from 
seed- of - ind.ivicltial plants growifig on the 02 Ranch in Texas, and 
one rvas derived from, seed of nonseleiTed plants growing ne^ir Shatter, 
ITxas, ..Still anotdier plant witli the in niirnber .of cairomosomes was 
found.- among the plants of ’variety 406 whieli. arc htbng grown as a 
standard in, the experiments involving the . various collections. The 
oceuiTeiiC'-e of plants with rc(.iuced' (i.n) clin:>m<.)soiiie iiunitier among 
the progeny of 72± (211,1 tdironiosonie iudiviciua.l-iilaiit se’lectio,ns is 
strong ' evidence that “reduced, (rn) p8cudoga.my“ is ttecurring to 
some extent in tliis material. 

■ Conclusions- ti:> be drawn from t.Iie above facts, liacing a, bearing 
on the- iTiethods of rc|iroduct.ion occurring in P. arfieHtaimn, may be' 
sunimarixed by -ilie. fo’llowing dassifleation based on the origin of 
the progeny,: 

MICrilODS OF IdinidlDVCTION 


I Norrnal sexuality irediK'tion fal!r>wed ’by fertilization) 

Amplmiflxi.*) , sexiuili-t.y (iioioreductiori followed by fertili- 

-| nation) 


’ - '.f Nomsegregating 

Apomixis v i- 

'ISegregating 


Noil-reduced (211) pseud, ogaiiiy 

i Reduced, (in) pseudogamy . 
j Pseuciogamous diplospory 


'■." i-,A!l,pf the methiids of , reproduction .’listed above may’ occur in the 
production of the ])rngeny frem an imlividual plant, 
fl: -To 'obtain- some information as to the imKie. 'cfl '. pollination in 
- .-giuiyule,, flowering; branches of five Kaiitlioiis plants:, from .collection 
’ 4,2 'S 5- { j'6+ . chromosomes) ’were percale bagged and bnislied, to- assure 
:Self-4>ollination, -and others: of ttie same' plants were selected' for non- 
(ontrolled jjollinations. The total number of plants was 703 for the 
five ' progemies: grown ’fromiaeedairising %>m, .noncontrolled pollina- 
tions, The average penamtage of xanthous plants was lo.o dr 1,13 
and the range in percentage of xarillious plants was from o.4d.~o.38 
to 17.odb3.up The balance of the 703 plants was of ncwmal green 
color, .Only four plants were obtained from over 1,000 seed,s arising 
from self-pollinations. All four of these plants were xanthous and 
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were the progeny of one plant. The combined data from noncon- 
trolled pollinations and controlled self “pollinations show that the 
maximum percentage of the progeny that could be resulting from 
some form of apomixis is lo. Since these plants were in proximity to 
xanthous plants and plants heterozygous for the gene pair or gene 
pairs differentiating xanthos from normal green, it seems^ probable 
that the xanthous plants arose as a result of cross-pollination rather 
than as a result of apomixis. Such being the case, the logical con- 
elusion from these studies on pollination is that these five plants are 
almost if not entirely cross-pollinated. 

Also, information having a bearing upon self-incompatability in 
guayule was obtained from studies conducted with the 36+ chromo- 
some collections made from natural populations of gua3uile growing 
in Mexico and the Trans-Pecos region of Texas. Only 0.6 dr 0.13% 
of the seeds produced by self-pollinating*some plants of all these 36+ 
chromosome collections produced seedlings; whereas, 22^0,42% of 
the seeds arising from noncontrolled pollinations of these same plants 
produced seedlings. Percale bags were used as isolators hi the self- 
pollinations and brushing of the bagged capitula was practiced to 
assure pollination. The figure of o.6zbo.i3% is very close to that of 
0.5% reported by Kalashnikov (10). That the pollen of these plants 
is viable was shown by microscopic examinations of the pollen and 
by cross-pollination studies. The pollen was found to have a high 
percentage of filled pollen grains and to be very effective in bringing 
about the production of viable seeds when placed on the stigmas of 
other plants. These facts taken collectively prove that at least the 
majority of the plants of these 36+ chromosome collections possess 
a high degree of self-incompatibility. That comparatively speaking 
a fairly high degree of self-compatibility occurs in some of the 72 ± 
chromosome plants of guayule is shown by the data for the controlled 
self-pollinations given in Table 3. Since polyploid forms occur within 
the species, it is logical to assume that the different collections possess 
different degrees of self-incompatibilit}^ (Crane and Lawrence, 4). It 
must be kept in mind that self-incompatibility and self-compatibility 
are further complicated in F. argentatum by male sterility. (Unpub- 
lished data and see interspecific hybridization section of this paper}. 
Also, aneuploidy, chromatin bridges, fragmentation and other 
cytological irregularities (Bergner unpublished) probably further 
complicate the situation. For the most important literature) having a 
bearing upon self-sterility and compatibility, see East and Mangels- 
dorf (6), East and Yarnell (7), Crane (2), Crane and Lawrence (3 and 
4), and for a general review of the literature Sansome and Philp (20). 


MATERIAL AND METHODS 

experiments involving interspecific pollinations were 
handled in a manner similar to those used in the intraspecific pollinations. Isola- 
txon of groups of flower heads was accomplished by the use of percale bags and 
the individual heads were made unisexual by removing the disc florets. Nmherous 
ray florets of both guayule and maiiola were examined for abnormalities to see 
II any anthers or anther-portions were likely to develop and cause contamination, 
but none was found. Pollinations of given heads were made daily for several days 
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or until necrotic spotis appeared on tliev ctigmas. The secfT; from tlie variotn^ly 
pfdliriated plants' were sprouted in. a germinator ami 'the resii,iti.rig seedlings tfaiej- ' 
ferred 'to a greenhouse for 'subsequent growtin IY>llinal;ion:^ weri;'earrict:l on dtning 
'the late siimnier 'a.nd fa!.!, of 1943 and the seeds were gerniinatr^d in Deeeniberi 
1943, and January. ,1944. In all, 33 diflei'ent eros^aes \yere rit.teniptefl. In i6 of 
these, guayule was nsed m the female parent, Jn 'llie otJnm 17, niarivda was used 
as the female. A number of different ■ strains and^ <’o'!ler’t!on$ of . fpiayt.3le and 
mariola were iisefi in several difleretil^ co!n.l:diiations., 

YletlKids used in identifying iiatitral hybrids betweem giuiyule and mariola 
{Rollins, 19) are€i|ual 1 y critka! wlicin used to det-ec.t liylnids produced artificially, 

■ True liyltrkis between these speeles ram be easily; identified as soon as tiie first 
few .leaves of a, young seedling are fully expanded. The nicu'plicrlogical difterenees 
between the hybrids and their parents .rre imrentiiated as^tbe idants develop, 
Tliese difi'erences: are so striking the classification of l:.he progenies into 
hydirid and noiilndirid groups on a plienotypie basis is relatively easy. The pro- 
genies 'havt^ be€‘n gmwii to full flowering for cbrornosorne and poben studies, with 
the exception of a irortioii of tlie apoiniets and scntie seedlings where, germination 
da. ta i:mly warre desired, 

EXPEKII^lEKTA'L RESULTS 

. Table 4 gives data from certain polli'i'iations between giuiyule and 
Tiiatiola. In those cases where giiaytile is listed as a female, mariola 
was tised. as the male parent, T!ie j-everse is true where mariola is 
given as the female parent. Considering 'first the roIiiTmi showing 
the percentage of ■ rnateri'ials, tl'ie ra,o.ge is frru'i'i o t.o p$%j where 
giiayule was used as the fernalc parent and froiri q to ■rocrid^ where 
mariola 'was 'used as the female ].:iarent. The' members of a givc?n 
■progeny classed as maternal do not dev'iate {rom. the mother plant 
'in any significant way'. They lutve the same 'type, sixe, and. cMsposi- 
tioi'i of their tricho'ines*^ 'as tlie i"nat.erna,l pamnt. and tlie lea.f shapes 
and' si^es are also- similar a.s am tlur llower stalks ai'icl lieads. Tiie 
■growth form is . that of the niateriud - parent. Fiirtheniajre, none .o-f 
. the. phenotypical character isties. of the fiaterna! parent -lias- been 
defected. Tlie presence of these niimemiis strictly 'maternal plants 
. in a. number of progenies of both guayuie .amTmarioIu, 'where only 
hybrids wouldTe' expected if themormal sexual processes were occur- 
Ting, is ample evidence that sexuality is being by-passed. .It is evident, 
.therefore, that -some, type of apomi.x!S is prevalent in both these' 
species. -The'. assiimption is that the' plants .of this eategon^ arose' 
{'fronv iiiirediiced, imfertilired egg cells. 

■,'c ' It is' signilicant, 'that- two maternal type g'iia..3mfe plants -with only 
.half , the.’ expected ■chromoso'rne niniiber w'ere derived, from ^ two^ 
separate xross-pollinations. The mother guayuie plant., in each 'case 
has 72:h: chromosomes, while the two redttced mat.enKils ha%re 36 + 
.chromosomes,/ These Two reduced 'matemals are similar .to their 
respective motlicr plants but ha.ve smaller |,>arfs and organs through- 
out. They show no paternal churaders from ilH‘ mariola plant. 
Both show some irregularities dmhig mtriosis prcccfling ])t)llen forma- 
tion, but one. plant has over So%> goed pollen while tht,‘ other has 
less than 50% good pollen. The obvious cxplanaticm of the way in 
which these plants arose is that reduced egg cells developed without 
fertilization having t,aken place. 

■‘For information concerning the irichonies of guayuie and mariola, see Rollins 
(J9)* 


-Results of cross-pollination between guayule and mariola. 
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" Tlie Fi hybrids derived froiii crosS“p<:>lliiiatio!is Jii both directions 
show coiisicierable variation within progenies. ■ However, in most of 
tliese ivTc types of hybrids are easily distiiigiiislied. One t3^pe is 
iHirrnal, having \ve'il“fi:^nTied iea\’'es, Ivilanced growtli, and good vigor. 
The otl'ier has nialfoniied leaves, i!ist.or!:ed. growtii tbrougliout, and 
poor vigor, In niosi <‘ases, the' h:itter a.l:')en’a.Ti£ type 'has larger lieads, 
t.hiekcr haws and flower stalks a,rici larger pollen grains. Experience' 
with this alierraiit ty|}e plant lias shown that it iisiially has about 
a oiie-tiiird. larger chroiiiDsoi'iie coriiplin'ient. tlian. the iiornial type 
frciiB which it is distinguished, iirovided the two parents possessed 
i’iiesa":iie<'li.ro!'nosOiiie iiinribtnr 'Otlier-wise 'the excess of tilironiosomes 
in the aberrant type hybrid o'V'er -.the normal hybrid d.epetid.s on the 
num 1 :ier present in tiie 'iinilenial parent . For- example, in a case where 
a -72 'dz dirornosoine gti.ayii]e plant was pollinrited with a 54rfc iiiariola 
plant, the iioroial hybrids ba\'e 6jzb chromosomes. The aberrant 
hybrids so far investigated froiri tJiis same cross have 09 dr chromo* 
soriies. This shows that, it was the egg- nucleus wliicli possessed double 
the expected iiiiniber of ehroniosonies and not the male nucleus. 

Ill addition to the characteristics peculiar to the alierrant liybrids, 
most of these plants resetiible tla? mai.errial parent more closely than 
do the normal hybrids. By c^om|>aring' the Indjrids of c'rosses in which 
two 7 2':ir . elirotnosoine mariola plants were pollinated with 1:1-36 + 
gtiayule plant and a 72r;h gutiyuk:^ |:da;nt, re.s|iec!.ivTdy, it, can be shown 
that tile lialance of mariola 't'o guayule clironios«'>!nc:‘S is important in 
deterniining the rialtire of the liybrids -it:! the Ft popuiatii::)0,. The effect 
of the. guayule parent on tl'Kt hybrids .was far less marked when the 
.36+ cdiroiiiosciine. pai'ent was used than wlieri the 72:!:: climmosome 
parent was usc,‘d. Sin:iila,rhL't!':ie eileci:- of a 7 si (diromosome mariola 
on the liytirids from o. 36.-T el'irornosome guayule is far m.ore marked, 
than it. is on: a 72:!:: chroi:i:sost)me gua.yii!e. If: it is assumed tJiat the 
, aberra-nt di^'twids msemble the iiuiterna! parent because a large pro- 
portion -of, their chri:ii''rioso!iies-€ii!iie frc'im the niotlier plant,': these 
:feets-give;\vei.ght to that supposte^^ ' ' 

y A detailed- study. -of the inajor triehome type found, in guajmle, 
Tuariola,- and the-h^dm-dsof these species has given a -further basis 
-for determining the position of any given hybrid wi'tli mspect to its 
' pa'STTits-.' It ha-s '-been found that a marked 'mQdi:fi.cat:ion of both the 
■guayule and -mariola, trielioine type (see Rollins, ig, for illustrations) 
occurs in the Fi of these -species if t:he li3"'brid-i'S normal On thc^ -other 
hand,, if the', hybrid 'is- .aberrant, the triehome type is niore nearly - 
'thattof/the'.maternal. parent. The plants formerty classed as *‘rou,g!l 
aberrant’* (19) are Ilit‘ same type as the alierrani hybrids of the 
-preseT.it stii(.ly iind. imdtiubtcdly represent natural interspeidfic hybrids 
'its was suggested. the're. For eomparati've'puiyioses, the :trichomeilluS'‘ 
trations--(d'9) ofd,I.Ktremgh -..type p'lants may bto . 

'The^: .disturijed.- ' .growth . pattern,' ■ slow 'growth \and ■ enlarged : parts, 
(‘haractcTistic of the aberrant types has lieen found to be correlated 
with a high ohrumosome number in numerous cases* However, the 
plants falling into this category fonn a complex group, and an extended 
C3rl:ological exarninatioii which mtw well turn up novelties remains 
to.be completed* The evidence at hand indicates that the aberrant 
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type hybrids are predominately the product of an unreduced egg 
cell fertilized by a normal male gamete. The normal hybrids, on the 
other hand, have resulted from the fertilization of a reduced egg cell 
in each case' 

Guayule and mariola are highly distinctive species and vet cross- 
pollinations between them are quite productive of viable seed when 
compared with self-pollinated plants of either species. Table 5 gives 
comparative data on a number of interspecific pollinations in both 
directions, together ■with the results of germination tests of seeds 
produced from the self-pollinated maternal plant of each cross. 

In considering the data concerning guayule, it is important to 
note that in every plant tested, pollen from mariola produced more 
viable seed than did pollen from the guayule plant itself. The per- 
centage of viable seed produced from interspecific pollinations where 
ma,riola was used as the pollen plant compares favorably with that 
of intraspecific pollinations (Table i). Little or no reduction in via- 
bility of seed of guayule results from the use of pollen from the more 
distantly related plants. More extensive data would be expected to 
reveal some markedly incompatible plants between these two species 
but we have not encountered any. In fact, on the basis of our nresent 
information, mariola or hybrids between mariola and guayule might 
rvell be seriously considered as testers for determining the amount 
of sepahty present in various strains of guayule. “ 

With the exception of two plants of accession 4368.^, the mariola 
plants shown in Table s also gave a higher percentage of viable, seed 
when pollinated with guayule than when they were selfed. Germina- 
tions of seeds of mariola were poorer throughout than they were 
tor guayule. The seed of both species was treated the same, but the 
piocedure is based upon methods devised for the handling of guavuk' 
and may not be optimum for mariola. , e. • e - 

From the three self -pollinated 36 H- chromosome guayule plants 
only three seedlings were obtained. The pollen of these plants was 
relatively good and was applied to the stigmas in abundance several 
times. I he selfing was carried on at the same time and under the 
same conditions as the corresponding cross-pollinations. It appears 
trom our data and observations that here again is evidence for self 
operating in the 36-+- chromosome group, 
fwn n self-incompatibilityueem operative also in at least 

two plants of mariola. The self stenlity indicated for the two 72 ± 
^romosome guayule plants 416-I and 416-II is of a different sort 
^^^1® sterile, that is, they do not produce any nonnai 
polkn. These two plants together with randomly selected apomietic 
first generation 12-plant progenies from each have been cLamiS: 

^ 4 - to 6-week period for pollen production. No normal 
pollen was found in any case. Casual examinations were made of nil 
the apomictic offspring of these two plants and none wms Sund To 

Srfn clnTe fouM Vhm occasionaUy a giaiff misSl^ien 
s,rain can De Tound. that this type of sterility is genetic and not 

f own;^by the fact that one of thrfe hyluids froS 

from plant Sg""? T examined 

om plant 416 II is male-sterile. This is also shown by the fact 
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Table 5 . -A mmpnrism *4 i he number 4 Cftkiin pbmtsof^^miyule and 

' ' ■ wiwa w!fed umi ^men Aiml iit inter?;ped!k cr^m-pdimaiirmsA 
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tliat the apoiiiictic progeny of tiie two parental plants are iinift:>rmly 
tnale-sterile. Evidently tk^ failure of |)niiiui dewlopuicail in our 
material is similar t<> lEat reportt^d by Kalaslinikov (io). 

: , : The data definitely show that some plants t)! gtiayule, P. argenifalfim 
■■and unariola , ' P.: 4manmh are charaeterized. ■: by : a ; high degree, .of 
facultative aponuxis and that these aponiietic plants are also pseudo- 
gamous. Also^ of equal importance is the occurrence of collections 
of guayule which are almost if not completely sexual (in which both 
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reduction and fertilization are taking place). To date all of these 
highly sexual forms have had 36+ chromosomes and no highly 
facultative-apomictic plants have been found among them. However, 
since the studies have not been exhaustive, the occurrence of such 
plants among the 36+ chromosome group of guayule is possible. 
Also, as yet no predominantly normal-sexual plants of guayule (in 
which both reduction and fertilization are occurring) have been 
found among the 54dz, 72 d=, and loSrfc polyploid gi'oups. All the 
collections of these groups studied to date are predominantly faculta- 
tive apomicts and are pseiidogamous. Predominantly normal-sexual 
plants of mariola were found but were of infrequent occurrence 
among the collections of mariola. The evidence strongly supports 
the conclusion that some plants among these latter polyploid groups 
of guayule arise as a result of reduced pseudogamy, nonreduced 
pseudogamy, fertilization of reduced and unreduced gametes, and 
diplospory. So far, evidence has been obtained for the occurrence 
in mariola of only three of these types of reproduction. These are 
nonreduced pseudogamy, fertilization of reduced gametes, and 
fertilization of unreduced gametes. These are very similar to the 
methods of reproduction reported for Poa, according to Muiitzing 
(15, 16), Tinney (25), Tinney and Aamodt (26), and Myers {17), 
Esau (8) from embryological studies came to the conclusion that in 
conjunction with the generative apospory unreduced pseudogamy 
occurs in the apomictic types of guayule. 

Also, the differences in degree of self-compatibility and self-in- 
compatibility should be mentioned. The exact physiological explana- 
tion for this self “incompatibility as supested by Jost (9), Sears (21), 
and as reviewed by Sansome and Philp (20) cannot be given from 
these studies; but it is evident that some fonii of incompatitnlity ivS 
involved since in all but a very few cases a predominating proportion 
of the pollen is viable. 

The necessity in a plant breeding program of having a measure 
of the frequency of occurrence of plants arising from these different 
methods of reproduction is apparent. The method employed in these 
studies and depicted in Table 3 was found to be entirely satisfactory. 
It should be pointed out that the most essential procedmes of this 
method are the growing of both self-pollinated and cross-pollinated 
progenies from the same plant and following this practice for all 
plants involved in the reciprocal cross-pollinations. By following 
the methods depicted by Table 3, an estimate can be obtained, of 
the frequency of occurrence of plants arising from the different 
methods of reproduction together with a measure of the effectiveness 
in producing viable seed of pollen possessing different genotypes. 
This method for determining the frequency of occurrence of plants 
arising from the different methods of reproduction and of measuring 
the degree of self- and cross-compatibility has proved satisfactory. In 
such stuciies when it is not possible or desirable to use plants or strains 
having distinct and easily classifiable genetic and phenotypic differ- 
ences, an additional progeny test may be necessary to assure correct 
genotypic classification. 


J 1:2 


JOUB.NAL OF THE AMERICAN SOCIETY OF AGKONOMY 


LITERATURE CraUD 

r. BEiiG^aEU,’ A/B* Gyayule'iAaiits with low chrociosome niiinbers. Scieiice, 99: 

■ a 24 -- 225 . 0:144. ' ; " , _ . „ ■ . 

2, Ck-ANE, M. B, Sttidies iii relaliaTi to yteriHiy iri phinis, ebeiTies, apples and 
raspberries. Ylerii. Hort. Sck\ New York, 3:1 Gp-pAI. 1927. 

■3. - - — ' — ■■■■, AKD LAWKr;K'ciE \Y, J. C, Gerietiiial and cytologifSil aspects of 

irEajnijiatibiliiy a.nd sterility tasllivated' fruits. Jour, and liort. 

Sd., 7:276''-3 oi. 1929. . _ ^ ^ ^ 

4. a - Sterility and inef^in.pat:il)ilit.y in di|Aoid and poly- 

■ploid fruits. Jour. Gen,, 24:97~-i07. 1931. 

5. Dunova, V. t,, SosNOVETZ, A. A., AND Steshina, M, a. Sravnitel ' noe 
, , tsito-eniliriologischeskoe' isskdoveiiie ra,Enovidiiostei Farihenrum argen- 

tiitmn Gray i Parfkenium incanum, Gray. Jonr. de Bat. de f IJRSS, n) 
'( 5 )‘ 447 ''" 4 bA i 934 . ‘ _ 

6. East, E.' AL, and Mangelsdore, A. J. Stiulies on selt-sterilitr'. VI L 'Heredity 

and selective pollen tube giDwtli. Genetics, II :466-4 Si, 1926. 

... -^-^.a'ND YAitNEiJ.. 8. H. Stiiclies on sdi-sterility. Genetics, 14: 455- 

487.1929. 

8, Esau, Kathei-une. Apoinixis in gtiayule. (In Press). ' 

9. JosT, L, Ober Selbsterilitat einige^r Biuten.^Bot. wSeit,, 65:77 rrp. 1907.- '■ 

ID. Kalashnikov, V. Al. Materialy k metodike selektsii gvaitily {Pariheniiwi 

argejiitiium, Gray) Trudy po Prikladnoi Batafdke (.lenetike, i Selektsii Bui. 
Appl. Bot., Gen., and Plant Breed. ,^27 (2) :489 193)1. 

11. Kikkwood, j. E. T'he life history of Partheniuin (Gisaynle). Arner, Rev. 

Trop. Agr., i (7): 1:93 205, I9 h;k 

12. .Kokieva, IL Aiorfologiia i istoriia razviliia si. 4 :.svetii Parthemum. argeniaium 

G. (gvaiuly) i .Farlhenium hyskraphorus L, IVloskov, ObHlKdu Is|:l Prirody, 
Old. Biol, BtiL, .p (3 '4):2r>5 -236, 375 383, 1931, 

13. - raz'itiia u Parihenium argenktum G. (gua” 

-yule). Jour, cle Bot. de 1 ' URSS, 17 (G ay^- IHE' ^9,42. 

14. LiAaVD, E. E, Guayule (ParthmiMm- argeukitMm GiTiy). A rubljca* [dant of 

the Chiliiialiuan desert. Caniegle Inst. Wash. Pu]:l No. 139. 1911. 

15. AiuKTZlNG,. Ahke, Apomictie and sexual seed foriiKtlion in Hereditas, 

17:131-154.^1932.. ■ ^ ^ , - ; ■ , / 

16. % Furtlief studies on apOTUixis and seNuniity in lYu. Hereditas, 

2lk 1.15-- 190. 1940. ' 

i/.' '.AI’yehs, W^. YL Second genenition progeny tests of tlieinetliijd. of Teproduetioiv 
in Kentneky bhiegrass. Jour. Aoier. Agmn., ■35:4!3-4i'9. :i943. 

18. : PiSMREypY, E. Seiekisiia i prierny kurtiiry gvaiidy. Trudy po Pri'kiadnoi 

■ ■ ■ Botanike Genetike, i Selcktsu, .24 C3):3 84,1930. , ' 

ifv Rol'liK'S, Eeicd C. Evidence for natural hybridity between giiayule (Par- 
'tlmniunt argenkilmn) and i,nano!.a (Furiheftium mcafmni), Anier. Jour, Bot., 

^ .St t 93 "- 99 ^ P> 44 . 

20. Sansomh, PcW.pAND .P.Hit'P, J. Recent Advances isr Plant Genetie,s. PMla- 

dalphku P. Biakistoii’s, Son and Co., Inc. 1939.' • 

2 1, -' Beaks, ..E. R. Gytcdogktd’ iidnenomeoa connected witli self fertility ■ in the 
■/'A .y dowering plants, Gencdlcs, 22:1. 30 '-vi8i. 193 

22, Shake, L,. W. Introduction , to cvtblogv. New Yk)rk: YfcGravr^Hill Book Co. 

' . t 934 * ; . ■ , , 

■23. :STEBiiiNs, G. L. Aponiixis in the angiospenns. Bot. R.ev., 7:507-542. 1941. 
2^. variation in guay tile and rnarioki. Jour, Heredity, 

35^63-172., 1944 - 

23. 'Tinney, Fred W. Cytology of 4rarthenogetiests in i’ea T yu/cmvis. Jotir. Agr, 

k;; ; ■ ■ JRe.S., 60:351-^360, k : 

Aamodt,.Q, S. The progeny test as a'nieasiire of the, types 
( k ■ seed-devdopinent in L. Jour. Heredity, 31:457-464. 1940. 




MALVACEOUS BAST FIBER STUDIES' 


D. R. Ergle, B. B. Robinson, and J. M. Dempsey" 


SEED .SOURCES 

Seed of Hibiscus from two sources and, of Urena lobata L. from one source were 
used in the studies reported here. Seed of one strain of H. cannabimis L., U.S.D.A. 
P.I. 145650, was imported from El Salvador, C. A., under the designation “roselle” 
or /J. sabdariffa yar. aUisshna. Choussey (2) states the Salvadorian seed originated 
from importations from Netherlands East Indies or French Indo-China. Botanical 
studies of the seeds, flowers, calyces, and leaves indicated this strain to be not 
specifically different from H, cannabinus and probably not a variety of H. sahdarif- 
fa. The true H, sabdariffa var. altissmius Wester originated in West Africa and 
it is not possible to establish its identity at the present time. The vaiietv grown 
in these studies under the name of H, sabdariffa var. alPissima is probably not 
any variety of H. sabdariffa but, like the true H. sabdariffa var. cdUssimns, xt 
produces a tall unbranched stem. For distinction in the discussion in this paper 
it will be referred to as var. ‘'altissima'\ Seed of the second strain of if. canmbmus, 
P.I. 144727. was obtained from Brazil and produced plants that differed mor- 
phologically from the var. '^altissima'* in that the plants branched profusely. The 
teim H. canyiabmus will be used to designate this strain. Seed of Urena Matai 
P.I. 145797, w^as an impoi'tation from Cuba. 

EXPERIMENTAL PROCEDURES AND METHODS 

FIELD CULTURE 

The plants were grown in 1943 on an Orangeburg sandv clav soil, moderately 
acid in reaction, located near Atmore, Ala. 

Land preparation and fertilization consisted in the turning under of a winter 
cover crop of blue \\xpitiey Lupinus augusHfolius L., on March lo, disking, appL'’- 
mg basic slag at the rate of 800 pounds per acre April T , and the application of a 
6-8-4 analysis fertilizer at 1,000 pounds per acre just before planting, 

, -^Friblishedus joint contribution from the Division of Cotton and Other Fiber 
Crop>s and^Diseiises,, Agricultural Research Administration, Bureau of Plant In- 
dustry ,_^ils, and Agncultimal Engineering, U. S. Dept, of Agriculture, in coopera- 
tion wth Newport Industries, Inc., Pensacola, Florida; the Alabama Agncub 
tural Experiment Btat^ the_ Alabama State Department of Corrections 
and Institutions. Received for publication June 30, 1944 
2 Chemist; Senior^Agronomist, Bureau of Plant Industry, So and AgricuL 

toal Engineenng, U. S, Dept, of Agriculture; and Manager, Fiber Diidsion, 
Inc., Atmore, Alabama, respectively 

^Figures m parenthesis refer to ^‘Literature Cited'*, p. 126. 


T he purpose of the investigations repoiled in this paper was to 
obtain information and quantitative data on the field growth, 
fiber content, and quality, together with ease of processing, of three 
malvaceous plants to determine the possibilities of their domestic 
production for fiber in a time of national emergency. Although not 
grown commercially in this country, they are cultivated in the tropi- 
cal and subtropical climes of some countries as a source of fiber which 
has been manufactured into sacks, twine, ropes, etc. (6, 7, 8, 9, 10). 
As the character of fiber produced by the malvaceous plants is similar 
to jute fiber, many attempts have been made to use them as substi- 
tutes for jute. Available information indicates that the T)lants studied 
are among the most suitable fiber plants that have possibilities for 
domestic production in the southern states. 
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After liglA..lY disking in the fertiliser, the'seedisgs were broatleasl 1)^ nreiins 
ol a board attaclied below a 7-fooi-Kced cIrilL Sowing was followed by smoothing 
with a drxig and a cii!ti|:>ad;er. \kir. "was planted April. 8, M, cminahinm 

April. 22, and Urem khaia Elay 13, An acre of year. *'aiiissmu'^ vras seeded' at 
Bo .pounds |>er acre; two i/TO acre plots of- Uremi kbaia mdng mechanical!}^ 
scariliecl Seed at 25 and 50 pcnmds per ai're: and i / 4 cracre of H. eun^uibinus at 
.60 ]:>otimi.s per acre. 

Tlie stiiiK:! of seedlings of iJrcna iobafa seethol at 25 poimds per acre wais not 
suHiciently -ilense to comlril the competition of ' eiicroacliing na.tive vc^getation; 
therefore, Cr'ef|iient weeding Ijv iKind was iiec'esaary on -i.Ins fdot du.rlng the first 
month of growth. 

■ 'SAMPLING AND CHEMICAL .DETERMIKATIOK OF USABLE FIB'EK 

Two nietiiods of sainpling^ fcnydiiicrent studies \vere pnicticed. The plantings 
were lirst -sampled-' pericidically for tii;>cr p1a.nt 'sani|..)!8s for kd:'K>ratf>Ty analysis 
from w^hieli peiiodical growth and liber data were- obtained.' This sani|;di.ng was 
restricted to a small area of miiform growt!) representing average plant develop- 
ment. ^ ^ 

The plant samples' comprising 5 t.o'. 20' plants, depending on their size, cut 2 
iiiidies from the ground tvere transported iminatiately to the labomtory for phy- 
sical’ measurements .and t.i'ie removal of tl'ie grcesi, librous |>hk>em and cortical 
tissues wiiich for sin'iplicit'V' will l:fe hereafter rei'errcfl to as tlie cru,de Ivnd;. The 
following physical data were ol'it:rii'ned; W't*ig.ht per pkint, Iteight of stalk before 
and after removal of nonhl.>raus tips, niuximuiri stalk dia.meter at: btise, 'percerita.ge 
of leaves and 'stalk in the plant, percentage of crude l:uist in sta.ik, and pertmntage 
of tnoisture-iii leaves and stalk, driec,! at loy C. In the preparation, of llie plant 
into leaves and stalks, th-e t.eniier less Tua,t\4'5y .ld:>roiis growdrig togef'lier with 
any inflorescence were iiiciuded in tiie leaf traclion. 

The fil>rotis crude l-uist was separated from tlie 'wocnh' poi'tion of tlie stalk 
with ease and reasonable accunicy l^y pa.ssing the stems li-etwceri twcj rulrber 
sqiieeze rolls revolving under .ad jnstalrle te^'isiom A ’hancl-oiwaAted clothes wri.nger 
inet the requirements. After p^.issiiig ilu'ough tlm wiinger, the critde bast could, 
be -Btrippeii from the woody stem core hy ha,nd. Ovemalry tveight. of eai'lii st!|:>arate 
part was detenniiied and tlie ranide liast 'was reserved, for cheoiical puriticatiom 
: A. sample of .3<Vto^40:gni«iB' oven-dry criale boat was soaked overnight itr tap 
water as a 'presoftening treatnient, removed,' and the excess -water removed by 
■dmming for a few mlimtes, and tlien placed in ji beaker containing 4% sodiuih 
hydroxide sohitson in the ratio of 40 parts' by volume of soliitio-n 'to- i pari by 
.weight of over-dry cn:ide bast. The bea.'ker was 'covered 'with a- watcl'i -glass and 
'the. solution was boiled gently for 30 minutoH with frequent stining. The contents 
. of the be^iker w'ere poured -upon a sieve with 0.0098 iticli, .circular’ opaiing-s, and 
-the residue washed, 'with tap water to raiiov-e the alkali., bark, a.nd sokiljkmcmsti- 
tiieaits 'from the ^ fo- 

The hbe^ at this .stage of tr^itment rvas' practically free of bark, gum, excess 
■ alkali., and soluble -constituents. It was practically in. the sh-ape of tive original 
' crude bast with, respect to - length of fibrous, strands. Fiuther. purification of the 
fiber- was effected by' parti.a! b'leacMiig to 'reinove -some of t-f'ie -coloring matter. 

. The bleaching treatment-AVas effected byt'-igitating. the fiber for 1 niiniite at room 
temperature in 'i ,000 Jill of w^.ater eon-faming 0,5 parts of chlorine .a-s sodium. -hypo-, 
-chlorite. The solution was made slightly ncid' 'with 5% -acetic, acid so'.luti0n,- 
:,stirredb.atid the- 'fiber inmiediatdy'teemoved'.aiid 'washed. The washed fiber 'was, 
next, agitated in al:)out 1,000 ml of- wat^r containing-- a few crystals of dij^s^olved 
pdhmi thiosulfate us an untiehlor, removed, washed thoroughly, squiw.ed 
into t\ thin mat wilh tim hands, and chicil to eonstaiii weight ni 103^' (\ The 
weight of the piiriiied fiber wa,s expressed as percentage fiber in (a) fjveu-dry 
crudtybast, (b) oven-dry stalk, and (c) green plant. 

This method, bused upon many preliminary determinations, gave a relatively 
quick, reproducible index of the iisable purified fiber in tim plants. Changing 
the concentration of sodiuin hydroxide in the degnrnming .soiutioii diil not greatly 
affect the amount of fiber isolate<!, although a small decrease wais associated with 
increasing concentrations of sodium hydroxide. The effect of increasing concen- 
trations of sodium hydroxide, the ratio of fiber to volume of solution and time of 
boiling remaining constant, is shown by representative data on var, ^htUimma'' 
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ill Table i. Using concentrations of 1% and 2%, the removal of the bark was 
incomplete and necessitated more washing and scrubbing than when higher 
concentrations were employed. The use of a 4% solution of sodium hydroxide 
was found to be the minimum concentration that would give a maximiim yield 
of clean fiber and reproducible quantitative results. Employing 4% sodium 
hydroxide in the manner described, it was found from many duplicate deteniiina- 
tions that the average deviation from the mean %vas plus or minus 0.39%. 

Table i. — Effect ofvarymg concentrations of sodium hydroxide in the 
chemical determination of fiber. 


Crude bast 
oven-dry weight, 
grams 

NaOH 

% 

Purified fiber 
oven- dry weight, 
grams 

Purified fiber 
in crude bast 
% 

Average 

% 

48.7 

I 

27.S 

57.1 


38.6 

I 

2 1 .3 

55-2 

56,2 

44.0 

2 

24.4 

55-5 


40.8 

2 

21.8 

534 

54.5 

40.0 

4 

21.7 

54.2 


33.8 

4 

18.4 

544 

54.3 

40.0 

8 

21.3 

33.2 


377 

8 

20,3 

53.8 

53-5 

40-3 

16 

21.4 

53-1 


36.2 

16 

19.1 

52.8 

53-0 


SAMPLING AND PREPARATION BY BIOLOGICAL RETTING 

The second rnethod of sampling was to obtain large amounts of plant material 
that might be handled under field conditions by methods applicable to coup 
meicial farm practices. It was planned originally to harvest these large samples 
material at ditferent dates con-esponding to predowering, early flowenng, 
and late flowenng stages in development. However, becau.se the plants failed to 
develop these morphological characteristics as first anticipated under existiiiff 
seasonal conditions at Atmore, it w&s necessary to govern the time of harvestinl 
by the age in days and rate of growth of the plants. ^ 

Areas measurii^ not less than 100 square feet were cut in duplicate at each 
haivestmg date. Dates on which plants were harvested are shown in Table 2 
weights of plants, half of the plants of each plot were 
retting and the remaining plants were water retted! 

. biological retting was conducted in a concrete tank 10 feet Ion s' 

4 feet wide, and 3 feet deep, located out of dooi's. The green plants to be i*etted 
were submerged honzontally in the tank filled with tap water and were allowed 

1 the fibrous bast separated from the wood^’' portions of the i>talks 

and the bark couId_be washed from the fiber. The time required to ret with water 
dm mg the penod June through October varied from 5 to 18 days. After rettine- 
the stalks were spread upon a wire screen and thoroughly washed. Pressure 
washing with a garden hose removed the bark and the slimy products of barteri'il 
actxon. After sun drying, the retted stalks were stored undJrSer until S^s- 

retting, the green plants were spread over the stubble of the Irnv 
vested areas and allowed to remain there until the weather effected a oartial 
separation of the fiber from the wood. The plants were turned ^ 

puiling"sUght1y wSfthetab'LivtTsfaut! The ^mnd’^offoosle^^^ 
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MECHANICAL, EXTRACTION OF FIBERS 

The fibers fmovdew- and water-retted plants were cleaned or prepared in an 
. -eiperiinenta! liber rni'lL This rniil, comniercial in sise, -was eq-iii-pped. essentially 
. with'- -machinery, similar’ .to. that used for the, -eoinniereial, processing of hemp ' 
■ excluding , -a' scnttcher. -'Therefore ^ a mixture- of l;-i-oth line 'and tcuv w-as produced 
-from .the -stalks -processed. In processing, the 'stallcs were d-ried down to approxi- 
-'mately -2 to '4% -moisture :by. passage for 90- minutes through -a- dryer having -a 
maximum temperature of 95''" C. The dried stalks were then !)roken by passage 
through a series of pairs of fluted rolls followeti by a bar beater. Tlurshives or 
hurds were removed by a series of three iticHned .slat shakers ecjuipped with two 
sets of kickers. The i)artia1h* de^nied llher was <*leaned further tlirough a series 
of pairs of fmely lluted iron rolls fullowisl l.iy a bar licaler. 

, 'v- V,/. ;-lN0 

Breaking strength tests of fibers were maile with a Hcutt, yaim tester using 
spool damps. The sample tested comprised fiber .strands 25 centnnetcr.s in length, 
0,2 to 0,7 gram in weight, and conditioned at 66% Immidity. The breaking dis- 
tance between centers of clamps was 7.5 cm. Ten tests were made on each lot 
of fiber and the results expressed as kilograms breaking strength per gram of 
fiber 25 cm long. These tests were made !)y Dr, L. E. Hesslcr, imiversitv of 
Kentucky, Lexington, Ky. 
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RESULTS AND DISCUSSION 
GROWTH AND PLANT COMPOSITION 

Periodic data on growth and composition of H. cannahinus, var. 
''altissima'\ and Urena lobata (5o~pound seeding rate) are tabulated 
in Tables 3, 4, and 5. Seed of H, camtabimis, var. ''aUi$sima'\ and 
Urena lobata germinated in 8, 5, and 5 days, respectively, giving a 
good stand of plants in all plots. Plant height in the plot of H. 
cannahinus was not as uniform as in the plots of the other fiber plants 
due to unequal rate of seed gennination. Based upon height, weight, 
and stalk diameter at base, reference to growth data in Tables 2,3, 
4, and 5 shows that plant size was in the decreasing order of H, can- 
nabinus, var. ''aUissnna'\ and Urena lobata. On October 25 the 
number of plants per square foot of soil was for H. cannabimis, 3.30; 
for var. '‘altissima’\ 4.75; and for Urena lobata at a 25-pound seeding 
rate, 5,56, and at a 50-pound seeding rate, 12.20. Some of the plants 
counted in the plot of the higher seeding rate were practically too 
small for fiber use. However, it is believed their presence was beneficial 
in combating native vegetation and in the production of other stalks 
better suited for fiber than those produced under the conditions of 
the 25 “pound seeding rate. Illustrations of the type of growth ob- 
tained with var. ''altissima'' and Urena lobata are shown in Figs. i 
and 2. 

The maximum growth of Urena lobata probably was curtailed 
somewhat by an infestation of grasshoppers which destroyed a high 
percentage of the leaves. The grasshoppers did not molest the plant- 
ings of H. cannahinus and var. ''altissima'' despite their proximity 
to the plots of Urena lobata. However, the field culture of var. ^'altis- 
sima'' at the end of the season was attended with a vSevere infestation 
of several species of nematodes. The yield of neither plants nor fiber 
was noticeably affected as plant growth had ceased and haiwestiiig 
studies had terminated. Some of the infected plants were killed, but 
the majority of the plants remained alive until killed by frosts. An 
examination of the roots of H. cannahinus and Urena lobata failed 
to reveal any signs of nematode infection. 

H. cannahinus and var, ''altissima” , &ge 176 and 194 days, re- 
spectively, did not start blooming until October 23 after the*^ latter 
had shed the major poxdion of its leaves. Urena lobata did not produce 
any inflorescence up to the time all the fiber plants killed by 
frost in November. Var. ''altissima'\ planted on August 7, 1942, 
in the same location, commenced blooming October 21 at the age of 
55 days of growth. However, neither in 1942 nor 1943 did var. ''aliis- 
simd'' or H. cannabimis matme seed before killed by frost. The 
delay in flowering of var. ['altissima'' regardless of plant age until 
the latter part of October confirms results of Bolhuis (i) that the 
length of day influences the flowering of these plants. 

In all three plants the percentage leaves and the percentage moist- 
ure in leaves and stalks decreased fairly consistently during plant 
growth and development. At the same time the stalk content was 
increasing, with its component parts of crude bast decreasing and 
the shives increasing. The fairly consistent decrease in concentration 



Table 3 . — Changes in fiber content and nonjibrous components of Hibiscus cannahinus associated udth advancing age. 
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Fig. I. — Van ''altissima' 


of crude bast in the stalk during growth was accompanied by an 
increasing concentration of pure fiber in the crude bast. That is, the 
nonfibrous materials decreased while at the same time the fiber in 
the crude bast was increasing. 

In terms of percentage concentration in the oven-dry stalks, the 
trend of the purified fiber of var. '\iltissima'' was tipward during 
the first 98 days of growth and then remained near a maximum until 
158 days old after which it decreased slightly during the remainder 
of the season. In H. cannahintis the trend was uninterruptedly up- 
ward in the first 62 days, followed then by a decrease in concentra- 
tion that became more marked after 120 days old. Urena lobata 


Urenti lobata, 135 days old; height, 64 inches; purified fiber content of 
green plant, 4.0%. 
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reached a maximtiiii conceiitration of fi1:)er in the stalk after 55 days 
of growth and then consistently decreased- dtiritig the remainder of 
its growth period. 

, YIELDS 

■As sliown by yields data in- Ta.ble 2, I/. cannaMmis j')rodiiced a 
inaxiniinn of 83,420 pounds o-f green phiiit-s per acre tit the last date 
of harvest; var. ''altissima'' was next'in order math a inaximiirn yield 
of 54,140 pounds at the second date of harvest; Urenu lobaki, 50- 
pound seeding rate, 36,240 pounds at the last date of harvest; and 
the 2 5-poiuid; seeding rate 31,266 pounds at the last date 'of harvest 
Due to natural leaf shedding ' in the case of rair. "'alUssima'* and 
natural shedding plus leaf injury froni gra,.sslK:)ppers in the case of 
Urena iobaia, the yield data on green plants did -iiot increase con- 
sistently with -age. E'Xpressed as pounds per acre of -oveii-dry stalks, 
the yields of species con,sistently increased witli advancing age during 
the period of study. The 5o~pound seeding rate of (Jmta iobata pro- 
duced stalks of smaller diameter and height l;)ut uf a sliglilly higher 
concentration of liber than did the 25-pouiKi seeding ratic 

The calculated fiber yields based iiprui methods of chemical and 
mechanical extraction are c^tmpared in Tiil>Ie 2. In general, the 
maximum yields of both purified and nii!c'hanically extracted libers 
were obtained at the third harvest. 1lic maximum ammmts of pro- 
cessed fiber produced by the three iil>er ])lants, in i'>ouuds per acre, 
are as follows; IL cammbmm, 3,103; var. 'ai/fmdiia’h 2,791; and 
Umna lobaia at the 25-pound seeding rate, 1,482, and at the 50- 
pound seeding rate, 2,016. These yields cx:)mpare favorably with 
some yields olitained in countries where tlicse plant.s are grown for 
commercial fiber production. From a survey of /the Uteraium, Cirme 
(3) found that reported yields of H. cmtmMnus fiber in India, Egypt, 
Java, Senegal, Nigeria, mud Rhodesia varied from x, 000 to -6,245 
pounds per acre. Choussy (2) gives some yields on fiber fom var, 
^'aUissma'' grown in Biiitenzorg, Jav-a which varied, from 500 to 
3,000 kilograms per hectare (446 to 2,677 pounds per acre) for plants 
73, up to 165 days old, respectively. De Groof (4) states that Umna 
lobaia fiber yields in the Belgian Congo are variable but good yields 
are 800 to 1,000 kilograms (1,764 to 2,205 pounds) per acre. Some 
yields of double this amoimt have been obtained. 

Reference to Table 2 will show that the yields of mechanically 
processed fibers exceeded by 8.1 to 48.2% the yields of purified fibers. 
There is justification for believing that the ifheorctical yield of me- 
chanically processed fiber would be higlier than that reporter! if the 
loss of a certain amount of short fiber not retained l'>y the slat shakers 
in /Cleaning were recovered. From - a practical Bta-ndpoiiit, however, 
this short fiber would be of little value. The purpose of determining 
the fiber chemically was to follow as aeeumtely as possible the c-hanges 
in pure fiber in relation to growth of the plant. The liber determined 
by retting and pipcessing in the fiber mill simulated crommercial 
methods and the yields thus obtained are indicative of the productiv- 
ity of the fiber plants under the conditions of experimentation de- 
scribed, However, some of the superiority in fiber yields by mechanical 
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processing was due to the presence of moisture and some unavoidable 
contamination from wood and bark, all of which were absent from 
the purified fiber. Hypothetically, the source of greatest variance 
was in the removal during chemical degumming of certain materials 
which were either not removed or to a less degree in biological retting. 
The extent to which such substances were removed and their identifi- 
cation were not within the scope of the investigatioms reported. 

RETTING 

There was not any noticeable variation in rate of retting among 
the three plants studied, for the various plant lots water retted with- 
out additional heat. The possibility that differences in retting time 
associated with species and plant age may have existed is admitted, 
but it is reasonable to assume that such differences might easily 
have been obscured by changes in temperature and other interrelated 
factors not controlled. Var. H. cannahinus, and Urena 

lobata retted in 6 to 8 days during June, July, and August but re- 
quired about 1 8 days in September and October. The increase in 
retting time was due principally to prevailing lower temperatures. 
Comparative warm water retting tests conducted in the laboratory 
on small amounts of green basts at a constant temperature of $2°C 
gave the following results: var. ''altissima'' retted in lo days, H. 
cannabinus in 8 days, and Urena lobata in 7 days. 

In the dew retting tests, the fiber plants retted to some extent, but 
the results were diff'erent from those that usually occur in the retting 
of such plants as hemp and flax. The fiber, instead of being gi^ey in 
color and relatively soft, was tan to straw in color and harsh. Some 
response to dew retting was evidenced by loosening of the fiber bast, 
separation of the fiber into strands when the bast was rubbed between 
the fingers, and the production of a clean fiber when decorticated. 
Retting of the type obtained occurred within 23 to 39 days regardless 
of plant species, age of plant, or time of year when the retting was 
conducted. Longer exposures to the weather elements were increas- 
ingly detrimental to fiber strength index. Observational data sug- 
gested that stalk diameter was influential in the time required for 
dew retting. Using the results from var. "'altissima'y typically 
illustrative, stalks of i2>mm butt diameter and less retted in 23 to 
27 days, while those of larger diameter required 33 to 39 days. 

MECHANICAL PROCESSING 

The mechanical processing of the fibers, water and dew retted, 
was accomplished without any major difficulty and produced, a clean 
fiber. A possible impairment in fiber strength due to processing is 
indicated by limited and inclusive data in Table 6. Fiber samples 
of H. cannabinus Kad Urena lobata, with breaking strength values of 
68.6 and 116.7,, respectively, were separated by hand from retted, 
air “dry stalks. The magnitude of the difference between these values 
and comparable ones given in the same table for meclianically de- 
corticated fiber seems significant. Predrying of the stalks at ps^C 
prior to decortication may have increased the brittleness of the fiber 
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to a critical poitil. Serious damage to H, cannahmus iluriiig iiiecdiaiii- 
cal extraction has becai observed liy Didvker {5). 


Tabi:e 6, '-Brffikhiti prm:e:i5&! n hers. 
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hreakniii' sti’-esii-ih in'iui- fiCcr ,;?5 vm 1s:isni.:- 
tFiker yiiparatcd by hand,. 


Of the tliree libers stndied/.va.r..J‘al^t,S5HEa''' from l>oth dew- and 
Y/ater-rett.ed stalks Idroke out with tJie greatidst ease and cleanliness* 
Tills was thou.glit to be due to the fragility. and liglitness of the woody 
tissue -of the 'stalks, a distinguishing property: The 'wood in H, can- 
‘nabinuS: qmI Urcna Immta was considerably denser . and in The case 
of .the former the ^ stalks of large diameter. ■ from ' the 'third harvest 
■offered considerable resistance to the action, of the- breakers in the 
mill. This resistance to decortication is brdieved to be partly' re- 
sponsible for the low breaking 'strength of H. cmmabmus ^het as 
shown in Table 6, The etallc' diameter ot- Urena lobata^ was not large 
nnd the retted stalks were decorticated without any similar detriment; 
to its fiber. 

■b .FIBER RR.OFE.RTIES. 

Preparation t)f the liber I'llants fiw fi!)er exlrmaion by water retting 
gave the best quality of iil)er. The filler was r'om])aratively soft, 
lustrous creamy white to grey-wliile in iN>!()r, long, and compara- 
tively strong, 'ITie dew-retted fiber was luirsh, brittle, vShorler, weaker, 
and tan to straw in color. The strength of the water-retied fibers 
and those dew retted, are sh(,)wn by Iweaking strength data assembled 

As might be expected the quality of the three fibers with respect 
to breaking strength, color, and texture was found to vary somewhat 
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with the time of plant harvest. As indicated by breaking vStrength 
data in Table 6, var. ''aliissima'' 71 days old (harvest i) had the 
best strength; K. camiabimis 73 days old (harvest i) and Ur-ena 
lohata 13 s days old (harvest 3) exhibited bcvSt strengths. However, 
it is believed that the data are of limited value in attenipting to 
establish a relationship between fiber strength and plant age or in 
rating the relative strength of the three fibers. This phase of the 
work requires special study. Without any outstanding differences 
between the species, the fiber from plants of the last date of harvest 
had lost some of the creamy white color observed in the fiber from 
plants of the first two dates of harvevSt and was replaced by a silver- 
grey color. Observational evidence indicated that filler strands from 
plants of the third harvest w^ere coarser in texture than strands 
from plants of earlier harvests. This" was true particularly of the 
fiber from the lower portion of the stalk. In this respect, changes in 
Urena lobaia fiber were less noticeable than with fiber from var. 
''altissima'' and H. cannabmtis which was produced by stalks of 
larger diameter. 

Samples of the fibers prepared by water retting and mechanical 
processing were submitted to some American fiber mauiifacturers 
for their evaluation. The quality of the fibers was considered favoi'- 
able from the standpoint of their utilization as a substitute for jute. 

SUMMARY AND CONCLUSIONS 

Three malvaceous bast fiber plants, Hibiscus cannatnmis L., 1 ~L 
sabdariffa var. altissima^ and, Urena Lobata L. were grown c^xperi- 
mentally near Altmore, Ala., and studied from the standpoint of 
possible utilization as sources of bast fiber in time of a national 
emergency. The environmental requirements, climatic and edaphic, 
for growth seemed adequate. However, these or other factors were 
not suitable for the maturation of seed. Flowering either occurred 
late or not at all during the period of growth. The clelay in flowering 
until late in October confirms other investigations in reference to 
the influence of photoperiodism. 

Maximum yields in pounds per acre of mill-run fiber produced 
under the experimental conditions described were as follows: A/, 
cannabintis, 3,103; var. '' aUissimU\ 2,791; Urena lobaia at the 25- 
pound seeding rate, 1,482, and at 50-pound seeding rate, 2,016. By 
comparison with yields reported in some countries where these plants 
are grown commercially, the yields given here may be considered 
good. 

A chemical method of extraction was developed and used to 
follow the changes in pure fiber content of the plants throughout 
their growth cycle. It gave lower but consistent and reproducible 
results as compared to the results obtained by biological retting 
and subsequent mechanical extraction. 

A study of the progress of fiber formation during the growth and 
development of the plants showed somewhat similar increases in the 
fiber content during early growth and decrease in extractable fiber 
content near maturity. 
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The results from retting tests showed that the fibers from water- 
retted plants were superior in strength and quality' to the fibers from 
dew-retted plants. Retting with Vvater was acconiplished in 6 to i8 
days depending on the temperature of the water in tdie retting tank. 
To ret with dew required 23 to 27 days for stalks of small diameter 
and up to 39, days for large stalks. 

Mechanical extraction of the fibers in a heni|)~low liber mill was 
investigated. The stalks of var. ''altissima' and Urena lobata were 
easily decorticated and yielded a relatively clean fiber. Many of the 
stalks, from, the late harvest of 1 ~L camtabiniis were too large and too 
dense and did not give as clean and strong, a fiber as stalks from 
earlier harvests. 

Under conditions of experiment.atioiu tlie fil.:)ers of var. 'Uiltdssima'' 
and Urena lobata were superior in strength to that: of ,//. cannabinus. 
Based, upon the experimental data, and information olnained, it 
would appear that the results on growth, fiber yields, mechanical 
processing, and fiber quality justify consideration of these mal- 
vaceous species as a domestic source of jute-like fiber if needed. 
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WHEAT BUNT FIELD TRIALS' 

George A. Baker and Fred N. Briggs^ 

I N THE study of inheritance of resistance to bunt, Tilletia iriticiy 
in wheat it is necessary to grow F3 progeiiies from F2 plants in 
order to determine the genotype of the latter. This is necessary be- 
cause all susceptible plants in a population usually do not show the 
disease under conditions generally prevailing. Such plants merely es- 
cape infection and do not differ genetically from those which exhibit 
it. The situation is further complicated by the fact that some hetero- 
zygous resistant and occasionally some homozygous resistant plants 
become diseased. 

Briggs (i, 2, 3)® has shown that there is little dilScuIty in dis- 
tinguishing the three genotypes in crosses where the parents differ 
by a single factor if F3 rows of about 50 plants each are grown, 
although in most crosses there were a few rows which could not be 
positively classified. Both heterozygous rows and susceptible rows 
usually exhibit a range of about 50%. A¥here parents differ by two (i) 
or more factors for resistance, the overlapping of rows belonging to 
the several genotypes makes it difficult if not impossible to recognize 
the rows belonging to the various genotypes, thus genetical analysis 
may be very unsatisfactory. 

The question arose as to whether the range in bunt infection 
among rows of a given genotype could be accounted for on the basis 
of sampling error and if the variability would decrease according to 
expectations as the number of plants per row increased. A decrease 
in variability would indicate the limits of the three genotypes more 
certainly in the case of a single factor difference. If the decrease was 
sufficient it would permit the recognition of the greater number of 
genotypes where more factors are involved. An alternative approach 
to analyzing the more complicated crosses would be to set up a theo- 
retical distribution, using the necessary factors with the pi“Oper effects 
to fit the observed distribution of rows. In order to set up such a 
theoretical distribution, it is necessary to properly evaluate the 
errors for each genotype. 

Salmon (4)^ has shown that the sampling error will not account 
for the variation in bunt infection among wheat varieties. He found 
it necessary to increase this error by a, which varied for different 
environmental conditions and levels of infection. 

By using an F3 population of about 340 plants, Stanford (s) was 
able to make a satisfactory genetical analysis of a cross between 
Rio and Baart wheats which had not been possible where only 50 
plants were grown. 

MATERIALS AND METHODS 

The cross between Banner Berkeley and Baart was made in 1934 for the 

Contribution from the Division of Agronomy, California Agricultural Experi- 
ment Station, Davis, Calif. Received for publication August 25, 1944. 

^Assistant vStatistician and Professor of Agronomy, respectively, 
ffigures in parenthesis refer to "Literature Cited”, p. 133. 
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purpose of tills study and the Fs rows were- grown in 1937.^ Banner^ Berkeley was 
known to differ frorn Baa,rt in .one-doininant factor for resistance (2). Three rod 
rows of iipproxiriiately 50 plants each were groivn 'ffom 224 Fy plants* These txnvs 
were planted adjacent to each other in order to grow eacli family iitider as uniform 
conditions as. possible. By using one, two, s.nrl three r€nvs, ,|xi?:)itla lions of 50, 100, 
and 150 plants were avaih.ib1e .for study. A niimlier of F2 and parent rows \rere 
included.' , ■ ■ * / 

'The methods of handling a.rid 11 k‘ smirce of inoculation whtc the same as 
previously dest:ribed by Briggs (3), In order to luive nearly as |)0'S.sil>le the same 
number of plants per row, So seed-s were ;plant«;d in each row. 

E,XPERf MENTAL RESULTS 

The jierceiitages of bunt for the single rows of tlie piarents and Fa 
and. for one, two, and three Fr, roves -are given, in Table i, and shown 
graphically in Fig, i. 



Frl Distribution of F;, rows of Ban-uer Berkeley X' rii’cordirig to l.)Utit 

. ■ ■ infection.. 


-In F;h the three gennlyjies ;uv rendily reecjgnim'b hrnwever a 
iaimplete break between I he homoxyppus resistant and, beierozAT^^nfi 
TOWS did not 'occur until tliree re|.> 1 ieations were .'tised. It is quite 
apparent that the variance ol hnterozyguus rr;AYS was decreased as 
the number of plants per row was increased. Mowever, little decrease 
resulted ill tlie susceplT^^^^ 

A detailed uofiiparison.' of the means and standard errors for the 
various groups mayo be seen in Table 2. Baart had an average of 
65.54% of bunt and the susceptible Fg ixnvs had 64.92, 64.33, and 
6442% for rows 1,1 + 2, and :i: T 2 + 3, respectively. The agree- 
ment between the F2 and the heterozygous Fg rows was not so good* 
The former had 15.77%-. compared with 18.58. 18.51, 18.44% 

for Fa in rows 1, 1 d" 2, and 1 + 2 3. The above results iiulimte, 

however, that the overall conditions for Inmt infeii.inn were fairly 
uniform. . 

In comparing the actual standarfl ern>r (Hf) with the sampling 
standard error {^2) it will lx* noted tha,t tlx* actual ern)!* is greater 
than the sampling error in every i'ase* Tliis indurates, as Salmon (5) 
found, that the environment is coutrilniting to the lota! variance. 
The Si/S‘:s ratio for Baart agrees very well with the ratio of sus- 
ceptible Fa rows where all three rows are used, but is somewhat 
higher than those for rows x, and 1 + 2, All these ratios in turn are 
higher than those for segregating row's. Since the overall environ- 


Table i. Distribution of parent rows and hybrids of Banner Berkeley X Baart for hunt infection by percentage classes. 
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, nieiital factors appear to he quite uiiifonii as reflected l>y the mean 
percentages of bunt, it was thought at first;, that the Si/B^ ratios for 
the rows arising from tlie various genotypes sliould similar and 
in turn should be of the same- order of mag-nitude as tlnit tor Baart. 
This seeming paradox may be solved by comparing the variabilities 
of the various populatiotis* 


THEORETICAL RESULTS 

We will assume first that a row of n plants is hornfjgenc?ous with 
respect to the probability of infection as would be the case in a sus- 
ceptible variety or homo-xygoiis siisceptil:)le hybrid population. Let 
Pj. be the probability of infection in the i'^^row of wliicfi there are 
N and put 

■ I N I N 

i = I i = I 


Then for het.erozygc>us rows in which only I'lomozr/'gc.uis susceptil;)le 
plants become infected, the mean proportion u! i-nfect-ed plants and 
the variance of the proportions of infected plants a.re 

M == p /4 2 

p(4"p) (ii--i)V 

E“ + . 3 

1611 iPn 

The ratio of observed variances of pgr cents or propoTiions infected 
to the cotTesponding ttinomial variance*, will l>c designated, by a^, which 
is an estimate of the ratio of 3 to the corresponding binornial vari- 
ance p(4'-p)/i6n. If the experiment conforms to our assumptions, 

(n-i)V 

R2 = I + - - 4 

p(4-p) 

and hence is always greater than i . R. depends on three quantities n, 
V, and p. R tends to iiKu'ease tvilh the length of the row, iaa, with n, 
except that as the length of the row iiK'reases Y tends io decrease. 
That is, V is proliably a funtdJon of n aiui R may be c'or^siant with 
respect to n. 

We shall consider now that all three types of plants in the hetero- 
zygous row can be infected. In this case the formulas (*c>rres|;K:mding 
to 2 and 3 are 
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^2 _ 


pl(4"Pl) + 4p2(2-“p2) + P3(4~~P3) 
(n-i) 


i6n 

plp3 + 2p2ps) + 

(n-i) 


8n 


(2plp2 + 


i6n 


(Vi + 4V2 + V$) 4* 


1611 


2(ViV2) Ri 2 + (V1V3) Ri3+ 2(V2V3) RsS 


where the pi’s and Vi’s have the same significance for each of the 
three types of plants as p and V in i (the subscripts refer to sus- 
ceptible, heterozygous and resistant in order) and the Rij’s represent 
the correlation between the probabilities of infection for the various 
types of plants within the rows. The terms not involving the V i’s 
give the variance obtained from the binomial fonnula with p — M, 
i.e. S^2- 

In 6 we may expect that the R’s are positive and close to i. That 
is, if the probability of infection in a row is high for one type of plant, 
then it will be high for the other types of plants also and vice versa. 
We shall assume, therefore, that R12 = Ri3 = R23 = i. 

The formulas 2, 3, 5, and 6 have been derived on the basis that 
each row is homogeneous with regard to probability of infection. 
This is not strictly true. Professor J. Neyman of the Department 
Mathematics, University of California, Berkeley, Calif., has given, 
in a letter, formulas which show that the effect of allowing for varia- 
tion of probability of infection within rows is to decrease slightly 2". 
If the variation within rows is equal to the variation between rows 
and the correlations within rows is equal to the correlations between 
rows, then (n-i) is replaced by (n~‘2) in 3 and 6. This correction is 
negligible with respect to other types of errors that are unavoidable in 
any experiment. Therefore, the formulas 3 and 6 with the R"s = i 
will be used as given. 

In many experiments we can observe the means and variances of 
the proportions of infected plants in the homozygously ’resistant, 
homozygously susceptible, and heterozygous rows. From these data 
and formulas 5 and 6 it is possible to compute p2 and V2. From V2 
we compute the more conventional since (n-i) Vi == (a^i~ i) pi 
(i-pi), i = I, 2, 3. 

APPLICATION OP THEORY TO EXPERIMENTAL RESULTS 

It would simplify things very much if it turned out that the same 
unapplied to the different types of plants, i.e., ai = a2 = as. If the 
a’s were independent of n, the number of plants per row, this would 
also make the application much simpler. 

Fmm^ the Banner Berkeley data given in Table 2, we see that for 
replication I, pi is 64.92. The heterozygous rows in the same series 
have a mean percentage of bunt of 18.58, which is 2.35% more than 
would be expected from the infection of susceptible plants, }^pi in 
such a row and therefore must have resulted from the infection of 
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lietcrrmyg<:n.is plants. The pa must have becm Ycry near o as evidenced ' 
by the Banner Beiieley parent and. the tYsistaiit’fows. From the data : 
we determine a's for n - 50, j 00, and iso- that will giyetlhe observed ' 
variance , of the heterozygotis rows on tiie assumption' that ai - a^. 
We use the loniiula 

1611 (i!" ■ Sh) 

\pi(i -pi) -f 4p2(i P-) + V' pi U -pi) 4 P 2 (j - P2)| 

We find that a — 1.33 for n — 50, a - 1,71 for 11 =“ loo, a == i'.53.; 
'for II — 150 if 2 ^" is replaced by its estimates -No definite trend is 
apparent and. we a.ssurne that^ .a has tlie simple average value of i,.6 
independent of n. It is noted that the value 1 .6 a is consistent 
with the observed values of 1.3 1, 1.56, ancl. i.po given, in Table 2 for 
the susceptible '‘rows’’ with 50, :ioo, and 150 plants since none of 
these values give standard de^dations that, diifer sigiiilicatitly from 
the values obtained by assuming a 1.6. 

Using a — 1-6 and computing standard deviations for the hetero- 
zygous rowSj we obtain 6.40, 4,34.» and 3.74 as compared, to, observed 
values of 6.36, 4.75, and 3.75, ivspectively. None of the observed 
values- differ significantly from tlic? corres|:.)0'nding eom|)uted values. 

On the basis of this experiment it .appcxirs a may be nearly 
constant for plants of a considerable va.rieiy of genc 4 ,y|>es and for 
rows of different leiigt.hs lieyond a !ci,i.gt,h sufficient for 50 plants, 
say. These' matters reqiiiiT' 'mueh more extensive investigation before 
. definite relationBliips cai'i be establisiied.. ' ' 

. SUMMARY 

. A 'mathemat,ical mode! of wheat bimt field, trials has been con- 
st rueted which seems to be ' adequate. The mea.n and spread, of the 
lieterozygous plants, cannot be observed, but tli-ese can be calculated 
because the mean's and variances of the percentages for' the homo-' 
zygoiis' and' segregating rows ca.n be obstmved a,nd it. can, be as:sumed 
■that the probabilities of infection for different types of plants are 

■ p-erfectly 'correlated, as between ixmTs. 

■ ■■ The ' variances eff the . percentage for the s-egregatin,g rows results 
.'from the probabilities, of infection for the v:a,rioiis ,geiiot.ypes 'present.' 
'For theffata presented the, variance for the segregating rows was very 
close to the binomial variatice, ciithoiigh the vaxianecs for the homo- 

■ zygous ■n>ws .are considerably givater. 

This apparent inconsisteiK^y tlid not result fn.vm different a values 
for the genotypes of plants present. It was sliown iliul by using a 
valuetof 'for ajf andta's tlie^' calculated -errors' resulting d, id, not 
differ significantly from those observed. 

It was assumed that the spreading effects noted in this experiment 
were due to environmental influences. Modifying factors would, have 
a similar effect and probably the two could not be distinguished 
unless the modifiers affected only some genotypes. 
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This model should be of aid in interpreting complex hybrids in 
that the nature of the variances will be understood better. This is 
particularly true where a row or famil}^ is heterozygous or made up 
of plants of different genotypes which have different probabilities 
of infection. It also indicates that the spi'ead of the percentages de- 
pends on the length of rows, the spread of infectivity levels, and the 
general level of infection. 

The ’ considerations involved in developing this model apply to 
developing models for an3^ similar experiments. 

The results of the mathematical model have been applied in detail 
to extensive genetic data from a cross between Banner Berkeley and 
Baart wheats. The results are consistent with the assumption that 
the spreading effect as measured by a is independent of genot^qDe and 
length of row. This assumption is probabh^ only true for certain 
ranges of genotypes and lengths of row. 
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mcmmm selection for specific combining 

ABILITY IN CORN ^ 

Fred H, Hull^ 

I MPROVEMENT, of com. by isoiaiiortof inbred lines to be used 
in iirst generation crosses was suggested, by Shull in xgocj. The 
niethod has couie to l:)e widely used with so great succeess that; its 
application to other species of plants and even of aiiiinals is being 
given serious consideration. 

Identifi.eation of satisfactory inbred lines of corn for production 
of coiiiriiercial hybrids has not' been easily nor cftiickly acconiplished, . 
Difiiculties with othea' species would seem to be g^'eater than with 
corn. Fiirtlierniore, such data as are now available suggest to the 
writer that continued application of the rnetliod to corn may be less 
pro,fitable, than the first cycle of breeding lia..s been for the improve- 
ment of yield. 

From the foregoing view-point a- iiioditied breeding plan for the de- 
velopment of higher yielding corn has been out.lined. Sin<xe experi- 
mental evaluation must require several years and pfcssibiy applica- 
tion l3y more than one operator, the plan is |)reseuted liere on theo- 
retical consideniiious alone. Current pniv.Ucv- in developing superior 
hybrid corn rests squarely upon cmpiric^ul results. Any theory of 
hyl:>rid vigor is to Ixe judged by the same dat.a. l lowc\aa% if a theory 
may be developed to lit j)resent data. aiK,l in suflii^ienl deUtil to predict 
results of untried expxTiinents, it nngy have positive value in xlirecting 
future work. If predictions from theory are then i.‘ont,inned by ex- 
periment the theory may bci'otnc more hri.nlv’' csta.blislied and more 
useful. 

Hybrid vigor is here assumed to reside- in tlie interactions of genes. 
It must then result from nondinear interaction of genes at different 
loci or between alleles. Either- type of interaction alone or both to- 
gether may explain hybrid vigor. W'right (13)" has supplied a tes't 
'which, as ..applied to collected data o.n yield of corn by (7), does 
not allow much non-additive interaction between genes at different 
loci, Richey and Sprague (9) found backeross yields almost exactly 
intermediate between parent and Fi yields. In later data of Lindstrom 
(6) the mean deviation of F2 means from mid-point of Fi and parents 
is 2.3% of Pi yield. The deviation of backcrossesis3.6%. These values 
are hardly significant. Moreover, if any appreciable degree of hybrid 
vigor were due to complementary interaction, it might appear in an 
excess of F2 yield over backeross yield. In Lindstronds data the mean 
Fs yield is 65.8 and batfeToss yield is 71.7, Neither complementary 

^Contribution^ from the Department of Agronomy, FlvniOu ARrirultural 
Experiment Station, (Jainesville, h^la. PubliitilKHi witli tlie approval of the Direc- 
tor. Originally prepared for ijresentation at the 1944 atuinal meeinyt^ of the 
Society which was catuteUed. (See this Journal, VT>L 36:989. 1944.) Received for 
publication September 8, 1944. 

^Agronomist. The writer is grateful to Dr, vSewall Wright for kindly criticism of 
the main thought expressed in this paper and encouragement with respect to the 
proposed breeding plan for hybrid corn, Mr. F. D, Richey, Dr, E, W. Lindstrom, 
and pr. M, T. Jenkins offered helpful suggestions and encouragement. 

^Figures in parenthesis refer to * literature Cited", p. 145, 
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nor geometric interaction is indicated as an appreciable factor in 
hybrid vigor of corn. However, it is conceivable that interactions 
tending to depress F% or the average of backcrosses below the mid- 
point of Fi and parents may be balanced b}^^ other kinds of interactions 
tending in the other direction. High frequency of both kinds of inter- 
actions might provide constancy of the balance among many crosses 
of inbi'ed lines. That the end result should then by chance coincide 
closely with the midpoint of Fi and parents in each case may seem 
no more improbable than that there should be high frequency of 
non-linear interaction of alleles as discussed in the next few para- 
graphs and scarcely any non-linear interaction of non-allelic genes. 

It is convenient to express non-linear interaction of alleles ciuanti- 
tatively for the present by graduating the inteiwal of phenotype 
from aa to AA in units from o.o to i.o. A heteroz3^gote with value of 
0.50 is strictly intermediate. Loci with heterozygote values near 0.50 
can have little to do with hybrid vigor. It is best if both parents of a 
hybrid are fixed A A at those loci. As the heteroz^^gote value of a 
locus increases towards i.o, importance of the locus in hybrid vigor 
also increases and the value of having it fixed A A in the second 
parent decreases. If the heterozygote value is greater than x.o, the 
locus is quite important as a source of hybrid vigor. It must be fixed 
A A in one parent and aa in the other to obtain maximum effect. 

That heterozygote values, greater than 1,0 for yield of corn occur 
at numerous loci is suggested first by the commonly observed excess 
of yield of Fi hybrids over the sum of yields of two homozygous 
parents. Yields of inbred lines are usually less than one-half of the 
yields of their Fi hybrids (6), If effects of different loci combine ad- 
ditively, the aA effects of loci heterozygous in Fi of a cross of hamaz\^- 
gous lines are summed in Fi. AA effects of the same loci are summed 
in the sum of the two parents, A residual composed of the aa effects 
of the same loci and all effects of loci not heterozygous is included 
once in the Fi and twice in the sum of parents. Then, if aA effects 
are equal to corresponding AA effects throughout, the sum of fiarents 
will exceed Pi by an amount equal to the residual. Since, as already 
noted, Fi yields are commonly more, not less, than the sum of parents 
heterozygote values greater than 1.0 at numerous loci for yield of 
corn are strongly indicated in the writer’s opinion. Further support 
of this view is provided by the failure of mass and ear-row selection 
to improve com yields and by the failure of synthetic combinations 
of selected inbred lines to yield more than oiigiiial stock. Selection 
which generally favors the heteroz^^'gote as selection for roan coat 
color in Shorthorn cattle leads to no fixation of genes as shown by 
Wright (10). 

A possible alternative conclusion to that of the preceding para- 
graph is that the genetic residual or least phenotype available by 
segregation from the cross is less than zero. Other alternatives which 
may appear superficially to be possible are close linkage and the very 
similar case of alleles of divergent function of East (i), Singleton (10) 
and Jones (5) have reported cases in corn where heterozygotes ap- 
peared to be more vigorous than either homozygote, Jones (5) has 
reviewed similar examples from other species. The essential point 
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seeiHS to be that none of these cases provide examples of what might 
■prove to be a sufficient explanation of tlie extreme heterosis observed 
in corn yields. Alleles WR and RW for w.!iite cob-red pericarp and 
red cob-white pericarp ma,y provide .a helpful example. The hetero- 
2jygote WR/RW has i*ed col) and red pericarp. Jf do.miiM-ince of WR 
for peric.arp color and of RW.for color is complete tlie heterozy- 
gote may be equal to the sum of the two liomozygotes. It will not 
exceed the sum of homozygotes without non-additive interaction 
between the alleles WR and RW over and above the dominance of 
each one to the other for its own separate function. The example as 
set up here seems to simulate very well the moded. of divergent alleles 
postulated by East. If tliere had been no dominance of each of East’s 
alleles to the other for its own function the heterozygote would have 
been equal to but not in excess of the mea.a. of the homoz'^^gotes. By 
inadvertently allowing this primary d.ominance East did achieve, 
excess in the heterozygote with additive interaction hcUveen alleles 
over and above the primary dominance. There seems to tie no me- 
chanical dissimilarity between East’s model, the exarnple of cob and 
pericarp color, and the well-known tlieoretical model of c'oniplete 
repulsion linkage of two pairs which differ in ])riniary fuiKdion but 
not in end result. All of these examples provide heterozygotes ex- 
ceeding either homozygole, but not excx:’cding tlx.', sum of homozy- 
gotes if their sef:)arate effectvS are cumulative. 

There mmain three possibilities of explaining prescuit records on 
maize. yields by gene action, vw,, (a) alleles A/ and A am each domi- 
nant to the ■ other for their own primary' -effects and their primary 
tdfecls are multiplied together or complement ea(di otlier; (1>) a posi- 
tive interaction occurs between allelc^s a and A to the ext.cuit that a A 
exceeds AA, aa is neutral; (c) a negative interaction occurs between 
identities A and A to the extent that aA exceeds AA. All of these 
interactions provid,e heterozygotes exceediiig the sum of the two. 
homozygotes. . 

Until more definite evidence becomes available it seems best to 
design corn breeding plans on the assumption that one or more of 
the three above-listed interactions occurs at numerous loci for yield 
in maize to the extent that the sum of heterozygote effects exceeds 
the sum of liomozygote effects by 20 % or more. The breeding plan 
presented below has been designed specifically for that case. Fortu- 
nately it is also fully effective for the case where aA and AA effects 
are equal. 

The breeding plan consists essentially of recurrent selection in a 
crossbred lot of corn for combining ahilily (high yield) with a single 
homozygous line which may be t'alied the tester. The first generation 
cross of the tester line with the selected crossbred lot is to be the 
utility hybrid if selection is successful in building U|;) a high (romple- 
mentary relation. Since selection based on appearance may be harm- 
ful where aA effects exc^eexl AA effects and there is no guarantee from 
general experience that such selection is beneficial, it is not recom- 
mended. 
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BREEDING PLAN 

First year. — Self-pollinate loo or more plants in tlie crossbred lot 
and use pollen of each one separately on silks of the tester line. The 
100 plants are to be taken at random with respect to evidence of in- 
herent vigor. Plants which show evidence of pest or weather damage 
should be avoided. 

Second ymr.— Recoi’d yield performance of the loo test hybrids. 

Third year . — Grow ear-rows from selfed seed of lo or more plants 
which had the higher yielding test hybrids and make numerous 
crosses between but not within the rows. ^Selection of plants for 
intercrossing is to be only against pest and weather damage. 

One cycle of breeding is completed in three years. The next cycle 
begins with bulked intercrossed seed from the last operation of the 
preceding cycle and the same tester line. Cycles may recur continu- 
ously. The product is the cross of the cun'ent ci'ossbred lot or inbred 
lines from it and the. tester line. The tester line should probably be 
chosen primarily for proved general combining ability. It should be 
a good pollinator if it is to serve that purpose in commercial seed pro- 
duction eventually. Prepotency of the tester line for undesirable 
characters is naturally to be avoided. The crossbred lot may be a 
common variety, a cross of varieties, or a cross of superior inbred 
lines. Breadth of ancestry would seem desirable. 

Where no entirely satisfactory tester line is available, two related 
lines may be employed in parallel but separate operations, or in one 
operation using the cross of two lines as the tester. The single cross 
of tester lines will be the pollinator and the single cross of the cross- 
bred lots the seed producer of the commercial double cross. Dif- 
ferences between the two tester lines may provide greater vigor in 
single crosses, but possibly at the expense of less vigor in the double 
cross. 

The above outlined breeding plan would seem to be recommended 
by the following propositions: 

I. With respect to any two loci which are heterozygous in original 
crossbred stock and possibly linked in some degree the genotypes are 
as follows: 
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A B* 
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The essential problem of current practice in corn breeding seems 
to be to distinguish between these genotypes as they occur in 
Single crosses of homozygous lines. To the extent that the aA and 
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AA effects and tlie bB and BB effects are equal the. nine starred 
genotypes are indistinguishable* The essentid. problem of the present 
breeding- plan is to distinguish between the same genotypes as they 
occur in single plants of the crossbred stock. .Wliem the tester line 
is fixed aabb, the greater freqmnc.y of favoralile alleles in xAB/AB 
plants will produce evident, resiilts in testcrosses. Selection between 
tcstcrovsses of the iirosent breeding plan as e-ompared to selection 
between single ci'osses in current 'practice will thus have an ad\Tintage 
similar to that of (‘alculating crossover values in a backcross, as 
compared to an Fs- 

2. At any locus where the a A and A A effects are essentially equal 
and the tester line i.s AA, maximtiin hybrid vigor from that locus 
will be on hand at the beginning of Invedlng operations. The problem 
then is to accumulate high frequencies of faxairable alleles in the 
crossbred lot at. on]}' those loci where the less favorable ones are 
fixed in the tester. The problem in current praxitee seciiis^ to be the 
accumulation of high frequencies of favoralile alkies at all loci with 
respect to the entire active group of breeding lines. Since selection 
difficulty increases exponentially wit.h number of independent loci 
and at a greater rate with linkage, proliability of siurt.uss in l:)uilding 
a high complementary relation to a specific line may be inau}’' times 
greater than it is for obtaiiiing a high corn|)lementary relation of 
two lines t)y random trial. 

3. If effects of 1 ‘ielerozygotes aA nr Ab\ are su|,)rrior lo those of 
homoxygotes a.rn Ab\' or AA, alleles a and ma,y i>e as frequently 
favorable as is A* Selection in the present |:>lan {liroitgh successive 
cycles will always lie directed towanls wliichcvcr allele will provide 
the most favorable effect with the one that is fixer! in the tester Hue 
and thus fully effective for increasing tlie frcqtumcy of that allele. 
Selection as in mirrent practice through more than one cycle must 
be confused, sometimes for A and sometimes hr a, thus being of 
small or no effect. 

To the extent that; excess Augor is found in helerozygotcs of single 
loci the mean yield of two perfectly coniplementaiy homozygous 
lines -will approach mean yield of homozygous lines derived at random 
from original stock. This on the assumption that two alleles at each 
locus occur with equal frequency in original stock. The average line 
found in the Florida program would be difficult or impossible to 
maintain with continuous selfing although it might produce some 
grain in the more favorable seasons. The possibility that a higher 
complementary^ relation may^ be maintained between a line and a 
CTOSsbred lot than between two selfed lines is not supported in present 
theory, but it may yet be worth vsome consideratiom 

4. Recurrent mild selection where genetic variation exists soon 
bidlds up a total selection intensity far in excess of any feasible at- 
tainment by a single selection without recombinatiom Theoretically, 
where gene effects are additive and non-genetic \Tmations do not 
occur, selection of the top 38% in one generation will shift the mean 
one standard deviation — selection of 7% will shift the mean two 
standard deviations. vSelection in the present breeding plan operates 
on, variation arising from different effects of the aa and aA geno- 
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types. Non-additive interaction between alleles does not interfere— 
see propositions i and 3. Selection operates on variation between 
means of testcrosses in replicated trials which should be largely 
genetic variation. It may be conservatively estimated, then, that the 
improvement effected in each cycle of breeding by saving the better 
10% may amount to one standard deviation or more. On this basis 
the results obtained in four and six cycles would be equal to that of 
testing 12,000 and 385,000,000 inbred lines from the crossbred lot 
with the same tester line and identifying the best combination in 
each case. The values increase very rapidly after four or five cycles 
if genetic variation is maintained. 

The foregoing statements are supported somewhat by unpublished 
results of recun*ent selection for late plant type or high leaf number 
done by the writer. A small group of 10 or more plants in each genera- 
tion was intercrossed to provide seed for the next generation. Se- 
lection was directed towards other characters besides leaf number. 
The total number of plants in four genei*ations was 4,761. The same 
intensity of selection for leaf number alone might have been effected 
with only 200 plants but of course selection for some of the other 
characters may have improved leaf number. In temis of the Fs stand- 
ard deviation the mean leaf number of the sample selected in F§ 
exceeded F2 by 5.29 sigma. A similar sample might have been ob- 
tained by selecting the best 10 plants from 100,000,000 or more in 
a single generation, or the best 10 from 50 plants each generation 
through four generations. 

Selection for high leaf number was quite effective through recurring 
cycles, presumably because of little or no non-additive interaction 
between alleles in the direction of selection, and relatively small 
non-genetic variance. Actually, means of the progeny of selected 
samples were nearly as high as the means of the respective selected 
samples. Nor were non-additive interaction or non-genetic variance 
in any considerable degree indicated by the usual tests. In the 
presently proposed breeding plan for high yield confusion of selection 
by interaction between alleles is avoided (propositions T and 3). 
Confusion of selection by non-genetic variation may be inarkedly 
reduced by replication of testcross trials to the extent that recurrent 
selection for combining ability may become as effective as was se- 
lection for leaf number in the above example. 

5. The decline of genetic variation in the crossbred lot as fre- 
quencies of favored alleles are increased by selection will be slow if 
many loci are involved (ii). Furthermore, it will be compensated in 
some degree by increase in frequency of coupling combinations. 
It is clear that if two gene pairs of equal effect each make contribu- 
tions to the variance of a backcross equal to unity when independent, 
the contribution of each pair when the two are completely linked in 
coupling phase is two, or if in repulsion phase zero. 

6. Combining ability of any strain or any single plant with a specific 
homozygous line is a measure of the mean complement of alleles in 
its gametes which are favorable in the specific combination, regard- 
less of degree of homozygosity of the plant or strain. Jenkins (3) 
has ably supported a view which seems quite similar to the one pre- 
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sen ted here. In his final paragraph Jc^iikins states^ *'Th.e topcrosses 
might be made after one generation of inbreeding, however, or might 
even be made at the time the open-pollinated pkints are inbred the 
■first time*'. Presumably the suggestion is that higli eoi-ribiiiing ability^ 
be identified in open -pollinated or short time: inl^recl plants and then 
fi'xed by c'ontinued inbreeding. In the -present breeding plan, open- 
pollinated or crossbred plants 'which slio'w liigli conibining ability 
are immediately intercrossed (mitl'i no intervening- iiibiveding period) 
to begin another cycle of selectiom On |>resent tlieory a cross of two 
apen-polliinited or crossbred plants is hardly inferior to random 
single crosses of homozygous lines 'from the same two plants as 
foundation material for a new cyde of breeding. Improveinent which 
might be effected by selection within and- Ijetween lines during an 
intervening inbreeding program would, on present theory, be very 
small in comparison with that efieeted further cycles O'f the- present 
breeding plan. 

Propositions which do not seem to recoiiiniend the present breed- 
ing x^lan are as follotvs ; 

7. For those loci where the aA elleet: is less than the AA effect 
and the tester is fixed aa, niaxiniuin yield (A A in llie liyl:>ri«i) cannot 
1)0 obtained by selection in the crossbred, lot. I'he difticulpy is greater 
for loci with lesser' relative vjilues of tlie a A pl'ien.O'typc3. However, 
loci where heterozygote values arc near or be1t,)W 0.50 are more likely 
to be occupied lyv A alleles in original siook. Earlier selection 
for A alleles at- lliose lod would not l>e greatly inhil.dted hy non- 
additive inieractioti of alleles. hh,uiher!norc4 Ihv* choice ol a tester 
line with high general c‘oin]:>ining would., iiiidude favorable 

alleles at- sucli loii more frequently tlKin unfiivoralde alleles. 

8; For those loci where A/A eileets may exceed' aag a and aA 
effects and the tester is fixcnl aa, the maxinuim Ak:\ elii*cl cannot be 
obtained in the hyl;)rid hy silectiiHi in the <Tossl3red lot. Frequency 
with which this difficulty would be eiK'ount-ered might also be lessened 
appreciably by earlier selection for 'favored alleles which has oc- 
curred in original stock and hy cdioiiv of a tester line with proved 
general combining ability. 

9. Genetic variance between testcrosses will be small and that 
within testcrosses large as compared to the variation between and 
within single crosses of a group of homozygoiis Hnes. Accuracy of 
measuring combining ability will therefore be low. Similar criticism 
has been voiced with respect to Jenkins’ proposal that combining 
ability be tested early in the inbreeding pn ^grain. 

It is convenient to assume equal freciuencies of a and A type genes 
in original stock and equal frequencies of loci fixed aa ami AA in the 
tester line. The phenotype of aa imiy be assigned the coded wahtc of 
zero and phenotypes of aA and Ail the eroded value of unity. Vari- 
ance of the {listribution laa + 2aA + lAA is 3/16, which is the 
variance per locus benveen plants in original sto<rk or between single 
crosses of a random group of homozygous lines. There is no variance 
within single crosses if the lines are homozygous. The mean yield 
of aa X (laa + saA + lAA) is }4 and of AA X (laa + zaA + 
I A A) it is I. The variance between i and is 1/16 which is the 
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variance per locus between means of topcrosses of honpzygous lines 
to oiiginal stock. Variance within topcrosses is 2/16, If single plants 
from the distribution (laa + aaA 4 - l AA) are crossed to aa, the 
testcross means are o, and i. Variance of this distribution 

is 2/16. If the locus is A A in the tCvSter, there is no variance of test- 
cross means. Hence the mean variance per locus between testcrosses 
is 1/16. Variance within testcrosses is also 1/16 per locus on the same 
basis. 

Under the above assumptions a greater precision with testcrosses 
than with topcrosses would be obtained because variance within 
testcrosses is only half of that within topcrosses. Precision w^ith 
single crosses would be considerably better than with testcrosses 
there being no within variance and the variance between being three 
times that for testcrosses or topcrosses. 

10. Although high yield of corn is an extreme character in itself 
it may be a resultant of intermediate development of more primary 
characters, e. g., length of growing season, diameter of stalk, inter- 
node length, etc. Other more cryptic physiological characters may 
be optimum for yield at intermediate points. Selection for inter- 
mediacy may be much less efficient than selection of an extreme in 
the obtained rate of gene fixation (12). This proposition may be the 
most serious criticism of the present breeding plan or it may be of 
slight importance. In either case application of the proposed selec- 
tion plan should at least throw some light upon the complex in- 
heritance of yield in corn. 

It does not seem necessary to attempt a complete summary of the 
foregoing propositions. Current corn breeding practice presumably 
includes successive cycles of breeding, although cycles recur ir- 
regularly and overlap a great deal. Better lines of one cycle are inter- 
bred to provide foundation stock for a succeeding cycle. The present 
plan is a variation of current practice in which the inbreeding inter- 
phase is eliminated and frequency of recurring cycles raised to maxi- 
mum. The additional feature of a constant tester line eliminates 
confusion of selection by non-additive interaction of alleles to ^vards 
higher yield. The breeding plan appears to be well recommended 
by the above 10 propositions but it must of course be proven in 
practice. 

Many of the desirable characters of domestic plants and animals 
are apparently multigpic with the heterozygote at a large pro- 
portion of loci approximately equal to the favored homozygote in 
effect. Where this situation occurs and commercial propagation may- 
be by crossing as in corn or by asexual multiplication of a singfe 
zygote as in sugarcane, the essentials of the present method may be 
employed. With sugarcane, for example, a stable though heterozy- 
gous clone may serve as the tester, although homozygosity in the 
tester will make for greater efficiency. Plants wdiich are crossed 
with the tester need not be also selfed as in corn since the}’^ will 
live to be intercrossed when testcross results are available. Mainten- 
ance of a minimum of 10 breeding individuals per generation in the 
crossbred lot to avoid intense inbreeding and loss of genetic varia- 
tion would seem desirable in any case. 
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In biseKtial species' of plants or animak where the irreeding period-', 
of an i;ndividii.al is snffieienily long t..o siian testcrossing and inter- ,: 
<"rossiiig> ecinal ruiiiitiers of males and females may be cmssed 'with 
■tlie- 'tester strain. The- seiecTed. , group may then cfMi tain both, .sexes 
to make ' intercrossing possible. Selection intensity miglit of course 
be mirtailcd liy low rep:iTKliU!ti\atrat:e' of- si>rne aniriia,! species. 

The. I'lresent 1:>, reeding plan may scern to be too much restricted 
by ihe mecessiiy of choosing at the beginning a homoEt^gous tester ' 
line. This line is t,o be mai:ntaiiied intact thrcmgri many , selection, 
cycles and serve a.t any lime a.s one parent of the current €omnierci.al ■ 
hybrid. After a few cycles some l;)aiT!er to fiirt.’her progress which, has 
been hidden, may come to 'light in the tester. This fear cannot now ' 
be explained 'away. But it must not be allowed 'to' assume undue 
proportions relative to the impasse presented, by many linked genes. 
The frequency distribution of number of loci represented aA or AA 

■ in single crosses of inbred, lines o:f corn is pivsumabh’ narrow. Fre- 
quencies over a consideral:)le part of the range at either end are ex- 
ceedingly small. The present breeding plan is conceived as a' way 
around the impasse liy frec|uent reeurrciK'c of selectiort and avoidance 
of confusion arising in non-linear interac'iinn alleles. 

The plan may perhaps be further criticised in it does not 
allow for much improven’ient on the t.i„n*>ter side. The first reply is 
that the nb>jcctive is ini].)roveinent of hybrid yield not inl'uvd yield. 
If yields of inijred lines of corn in (‘oinincrif.‘al pn>durtion w('re either 
doubled or iKilved, cost of |)rodmeing <loiiblet:roBs secfl would hardly 

■ be.. affected more then lo cents a I.:>ush6l either way. To the exteait. 
that excess vig<n'’ arisi‘S from heterr*zygi>tes t!at‘ Ik^sI (Hunbination 
must involve average: lines. Pivsent higlily selected lines may too, 
frequently be^ fixed, A A at the satne loci .and- in that : sense be- already 
too good, Bui if this |.)oint is unimportant t he prime problem is still 
hybrid yield whfi'h is to be t)btained by high complementary relation 
between parents more than by intrinsic' merit of parents. 

: Some corn breeders, . includi.ng the w.ri.ter, have one or a. few 
favored lines which are rec-eivitig considerable attention. The favored 
line is crossed to a. number of, other lines. . Crosses ' are followed with 
backcrosses. Extensive selection within and between backcrosses 
and intercrossing of the better appearing o,nes has been done. The 
main improvement thiis effected is in visible characters and t.here is 
some danger of loss of combining ability. It would seem that a line 
which merits such attention might also merit the further attention 
necessary to build a strain of high complementary value to it. The 
two programs might operate simultaneously wiiliout too mindi loss 
of efficiency in seleclion for combining ability, especially if second 
or third backcrosses were employed in irnprewing the tester line. (See 
Hayes and Immer (2) for a late review of l)ackcross and convergent 
methods of improving inbred lines.) 

One operation of the present breeding plan could probably serve 
three or more maturity zones if early, medium, and late variants of 
the ^ tester line were preseiwed and uniformity for the character 
avoided in the crossbred lot. Early, medium, or late inbred lines 
could be extracted from the crossbred lot at any time. One operation 
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of the plan saving the best lo from 300 per cycle would be many 
times more efficient than three separate operations saving the best 
10 from 100 in each cycle. But how many maturity zones may be 
spanned profitably in employing this principle is a problem for ex- 
perimentatioiiv 

If the maturity range thus spanned seems to be too narrow the 
possibility may be considered that a singlecross hybrid has appeared 
in the central corn belt with yield 20% above the next highest hybrid. 
The parents of this singlecross would be in wide demand for use on 
opposite sides of doubles of varying maturity ranges. The parent 
lines would be immediately requested by the writer for use in Florida. 
The late selection mentioned under proposition 4 has three more 
leaves and is 12 to 14 days later than common Florida field corn. It 
was developed specifically for a non-recurrent parent to convert any 
outstanding northern lines to southern maturity type — the selection 
for late type being already done in sufficient excess to allow full 
recovery of desired type in a first or even a second backcross to a 
northern line. No truly outstanding lines have yet appeared in the 
more extensive northern work. But foregoing theory indicates the 
possibility of building outstanding complementary pairs of lines by 
the present breeding plan. 

The Florida coxm breeding program has included test plots at 
Gainesville and Quincy in about equal numbers for a number of 
years. If one operation of the present breeding plan is no\v installed 
at each location present land and other facilities must be requisi- 
tioned for about 15% or less of the total in use. The remaining 85% 
may be continued with current corn breeding practice. Certainly 
this 15% is not too great a price to pay for the privilege of hedging 
on the possibility that aA effects do frequently exceed AA effects 
for yield of corn and that current practice in later cycles may prove 
ineffective with yield. But it must be clear also that the" theory 
indicates greater efficiency for the present plan if aA effects are 
near to but not in excess of Ail effects. 

If ^ the new plan is adopted entirely, present facilities of the 
Florida program will accomodate 18 separate operations with 100 
testcrosses in six replications for each. Each operation might employ 
a homozygous tester line to thus provide iS-high-yielding single 
combinations. If the 18 testers are unrelated and aA effects do ex- 
ceed A A effects, considerable yield reduction is to be expected in 
combining the singles into doubles. If aA effects do not exceed A A 
effects, there will still be some specific combining ability in each 
single where the crossbred lot has been especially selected to cover 
the weaknesses of the tester line but not of any other unrelated line. 
Pull efficiency seems to demand as close relation of two lines as is 
practicable for their cross to be the tester, and the pollinator in 
commercial seed production. An alternative with lower efficiency 
for yield improvement but higher efficiency for production of com- 
mercial seed is to use a proven and established seed singlecross as 
the tester and as the seed parent of commerciar hybrid seed. If aA 
effects are frequently in excess, selection in the crossbred lot for a- 
type genes at loci fixed A A in the tester might render the crossbred 
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lot unfit for beaii.iig cornniercial seed, Grea,ter uiiifomiity of com- 
raercial seed and wider range of pollen shedding are further advan- 
tages of this latter alternative. 

The inflexibility that arises from Ingh speeiiic (Combining ability 
developed withiir each operation of the present breeding plan is to 
some extent relieved by broad ■ breeding in crossbred lots. Special 
chaiTiclers not concerned witli, yield, sliould reTnain aiiienable to 
.selection in c:rossbred, lots. Greater e:fticieiicy will of course be obtained 
if such selection is concurrent with that for combining alfllity and 
if t.he tester rnay.be chosen with t.he desired dia.ra..cters at the start. 

Finally some ^alternative breeding plans may be considered. Jen- 
kins (3) has proposed for the iniprovement of open-polHiiated corn 
where hybrids are not feasible that one-generation seifs be top- 
crossed with the parent stock.. The seifs having^ the better top- 
crosses are' then recombined into a synthetic variety. After a few 
generations of isolated open-pollination for mixing the process is 
repeated. Iiicidentally, it may be said that no real value in extra 
generations for mixing recombined stock has been discovered in 
considering the breeding plan which is the main subject of this paper. 
Sufficient mixing occurs in proceeding from cycle to cycle. Presum- 
ably the objective in Jenkins plan is increased frequency of the more 
active ffivorable alleles. Increased frequency of favorable alleles 
requires that they more often occur homozygous. The objective 
might as in Richey's convergent improvement (8) be c,'.omp!ete homo- 
zygosity of favorable genes. In that case it would seem well to dis- 
pense with the toperosses in Jenkins’ i>lan and base selection directly 
on homozygous vSuperiority. First genenitioii seifs would be measured 
for production and the belter 0!ies rec‘o.nil:)ined ; the next cycle of 
selling and selection following immediately. "liiivS plan might be 
considerably more poweiful tlian convergent, improvemisit in pro- 
givssing towards the goal of homozygous excellence bei'ause of greater 
genetic variation and more frequently recuiTing cycles of selection. 

The breeding plan immediately above was begun by the writer in 
1928 in the belief that selection within or between lines selfed more 
than two or three times was likely to be confused by abnormal gene 
interactions. Selection based on appearance should be done with 
limited inbreeding. The plan was abandoned, after completing one 
cycle, in the belief that early efforts would be best directed towards 
development of homozygous lines and selection of the more vigorous 
ones. In present belief the plan may fail because of excess vigor of 
heterozygotes at many loci which w^ould confuse selection. Current 
corn breeding practice may fail in a second cycle and also convergent 
improvement for the same reason. All three of these breeding plans 
may be partly successful, however, to the extent that loci occur 
where the aA effect is not in excess of the AA effect. 

The plan of recombining selected lines is followed in a general 
way with wheat and other self-fertilized crops except that lines 
are not chosen for recombination until after several generations of 
natural selfing. Perhaps more rapid progress might be made in such 
crops if selection cycles recurred more frequently with recombination 
of one- or two-generation seifs. 
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Where hybrid vigor may be utilized, selection in a crossbred lot 
for high complementary relation to a specific homozygous line 
would seem to be a more promising method of improving vigor 
and production if present theory of the genetic basis of hybrid 
vigor is essentially correct, 
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CHEMICAL AND STIENCtTH DIFFEEENCES IN DEW»- • 
RETTED HEMP FIBERS 

Lyle E, Hesslem- ■ 

P RODUCTION frf quality hemp lil)er depends largely on 

the retting pn)( ‘ess. Wdiile cIcav rettiitg is a iairnparai^ 
operation for freeing Ilk* flbinq ecnnrol of tlk* large rn..i!Til:)er of fact:ors 
which enter into retting is very dilluaili. WcdCret.ted liber should have 
good strength and a uniform slate-gray trohjr. UTider-relted fiber is , 
green or light-colored aikl doc‘s not hiive tlie keepings arki spinning 
qualities- of weli-reited hemp iilxnt IHmr retting tisualiy gives the 
proper color but may produc‘e weak rih»er. Some niea:siire of control ' 
may be h^id. by shocking hemp befort* spreading. This procedure 
seems -to condition the hemp a.gainst (yver retting Iw slowing down 
mici-obiological action. Turning the hemp in the iJidd gives more 
uniform retting, while picking up straw to stop miiug at the 
proper time is important. 

In order to understand more about the retting process, studies were 
conducted at the Kentucky Agricultural Experiment 8tatic)n on the 
chemical composition of the green, unretted filxn*, ami o( !i1>er pro- 
duced at various stages of retting, inchiding fall and wilder retting, 
from both Kentucky and Chilean variilics. Tlie actual siixnigtli of 
these fibers was determined liy breakiug-stnmgili tests in order to 
find out the effect of retting on strength and to <‘nrrelate strength, 
if possible, with diemical composition,. 

■M'lmiODS 

For analysis the hem|> ilber was sairipieKl at random and ground 6tr-mesh in 
the inteni India te Wiley mill. 

. Cellulose was extracted by the inetlaxi of Norman and Jeiilahis Medium- ■ 

|K>rosity fritted glass crucibles were , used to fa;cilita.te fiianipiilatioii in -I’cmoving' 
extraneous material from cellulose. Two bvntment.s with s^diuin hypo- 

chloiite solution and three with acid liypocWorite solution were found sufficient 
to give reasonably pure cellulose. After wasinng tlie sample several times -with 5% 
sulfuric acid solution and four or five times with boiling water, the iirucible 
was put into a 250-ml wide-mouth . Erlenineyer .flask, where oxidation with a 
sulfuric acid dichromate solution was earned out and the analysis made according 
to the method of Kettering (2). Because c>f the associated xylan present in hemp 
cellulose, a slightly higher factor Was neccissary. One milliliter of normcil potas- 
sium dichromate was equivalent to 0.G068 grata of cellulose. 

^'Cooperative investigation of the Division of Cotton and Other Ifiber Crops 
and Diseases, Bureau of /Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, U. S. Dept, of Agriculture, in' <,‘Oopera- 
tion with the Kentucky and Michigan Agricultural Kx|>eriinent Slatams and 
published by permission of the Director of the Kentucky AgricuUunil Experi- 
ment Station, Presented in part at tlm annual meeting of the American Society 
of Agronomy, held in Cincinnati, Ohio, November, 1943. Received for publica- 
tion September 16, 1944. 

^Associate Chemist, l^ivisiqn of Cotton and Other Fiber Crops and Divseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 
Research Administration, U. S, Dept, of Agriculture. The author acknowledges 
assistance given by Prof. E. J. Kinney, Kentucky Agricultural Experiment 
Station, Dr. S. T. Dexter, Michigan Agricultural Experiment Station, and Dr. 
B. B. Robinson, U. S. Department of Agriculture. 

^Figures in parenthesis refer to “Literature Cited”, p. 154. 


147 


HESSLER: DEW-RETTED HEMP FIBER 

Lignin was determined by 72% sulfuric acid in the cold with a pretreatnient 
of mild acid hydrolysis to remove interfering substances, as suggested by Noinian 

and Jenkins (3). . t r- « / s 

The dicai'boxyiation method, as used by Dickson, Otterson, and Link (4), 
was employed to determine pectic substances by measuring carbon dioxide 
produced by boiling the sample with 12% hydrochloric acid. Carbon dioxide 
multiplied hy the factor 5.67 gave a value for pectic substances. The dicarboxy- 
lation method as used here is open to some criticism, since it has been shown 
that the method is not as specific for uronic acid as formerly believed; ho%vever, 
the method gives reproducible results and, for comparison, it is believed the 
method has merit. 

Pentosans were determined as furfural. The method used was that of Reeves 
and Munro (5) which was originally designed for the determination of pento.ses; 
however, after experimentation, it was concluded that interference from anything 
other than pentosans was at a minimuni. 

Nitrogen and ash were determined by recognized and acceptable methods. 

All determinations w^ere on a moisture-free basis. 

Breaking strength of the hemp fiber was measured on a Scott tester, hlodel 
D H. A portion of the fiber i foot in length was cut from the center of each hank 
to be tested. The samples were combed with a wire brush to remove loose ends. 
The orderly fibers were then cut to 25-cm lengths and conditioned at 65 i 1% 
relative humidity by placing them in a desiccator over supersaturated sodium 
nitrite solution. Spool-type clamps were used, and their distance from center to 
center was 3 inches. Ten breaking tests were made on each sample, and the aver- 
age breaking strength was reported in kilograms per gram of fiber. 

EXPERIMENTS AND RESULTS 
XJNRETTED VS, RETTED HEMP FIBER 

Unretted hemp fiber is quite uniform in chemical composition. 
Slight variations from the average will be affected by date of harvest 
and character of growth. Growing conditions may result in the fiber 
being fine, coarse, or flaggy. The commercial hemp fiber grown and 
retted in this country is composed of about 80% cellulose and lignin 
which may be classed as the more insoluble fraction. The other 20%, 
or partially soluble fraction, is composed of nitrogenous compounds, 
pectic substances, pentosans, extractable substances, and ash. Studies 
were made on these latter materials to determine to what extent their 
concentration may serve as an index of degree of retting, since they 
are depleted more or less in the retting process, A number of different 
forces seem to play an active part in this action, namely, sunlight, 
moisture from rain and dew, microorganisms, and possibly the ex- 
pansion and contraction brought about by temperature changes. 
While these factors act to free the fiber, they also play a part in 
weakening it. This is because, under favorable moisture and tempera- 
ture conditions, the microfiora uses up the soluble constituents and, 
as the more usable food source is depleted, cellulose is attacked. 

Obviously, to obtain strong fiber, retting should be allowed to 
proceed only until the soluble constituents are used up or nearly so. 
It is rather difficult, however, to determine when this stage has been 
reached. Color is not a reliable guide because the gray color desired 
by the trade may not be acquired until the fl.ber is overretted and 
thus weakened. Underletting gives strong fiber, but its keeping 
qualities may suffer, especially in humid climates. 

Some indication of how hemp fiber is affected by dew retting may 
be found in Table i. The first three fibers are from the same hemp 
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crop, and all were broken out and scutched in a conioiercial hemp- 
brealdng 111111. Apparently, machine lireaking did, not ifiiure the green 
fiber, as indicated by breaking-strength tests. 


Table t . — Chemical campimtkm and strenf’ik oj retted vs. unretted hemp fiber * 


Fiber 

Ret 

Cellu- 

lose, 

% 

Lignin, 

% 

■ 

tosiins, 

% 

Pec'tie 

snli- 

stances, 

07 

/€ 

Nitro- 

gen, 

Of 

/o 

Asb, 

% 

Break - 
ing 

strength, 
kgs. per 
gram 

Green .... 

Unretted ! 

64.7 

6.66 ; 

3.78 

\ 

1 i 

1 4-34 

Ip2.0 

Line. .... 

Retted 

72.4 

7.80 : 

4-79 

[ 7.82 ! 

1 0-77 i 

’ 3.57 

117.4 

Tow .... 

Retted j 

6q.2 

8.05 

4.87 

i 8.06 i 

1 0.8! 


! 61 .6 

Top fiber. 

Retted 

67.4 

9 -t >5 : 

4.4^ 

I 8,38 

i 0,73 

i 

1 

I 4'55 


Bottom . . 

Retted 

7O.D 

S .44 

4.7 J 

1 9.58 ^ 

1 a - 54 

1 3 - 9 n 

: 


*The chemical analyses are on a dry-wdght babis. 


The unretted hemp fiber is low in cellulose and lignin and high in 
pectic substances and pentosans. The combined iiisfilulde fractions, 
cellulose and lignin, in unretted fiber analyzed approxirnateh^ 70%, 
as compared with 80% for retted hemp fiber. This gain of 10% in 
the retted, hemp fiber results from the loss of more solulfie constituents 
during retting. Pectic substances ax\d pentosans, as was expected, 
were miudi lower in welbretted than in unretted fiber, llie tow con- 
tains most of the weaker, over-retted top part of the henii) fiber 
derived from the greener, less mature part of the plant, which is 
more likely to over ret. The breaking strength of the tow filler was 
very low, a condition resulting from over retting. The line filler was 
coUvSidered of good quality, although it. was much weaker than the 
unretted filler. The chemic'.al analyses of the iilier from the t;o|) and 
bottom part of the hemp plant ('Fable i) further coniirni the state- 
ment that over retting takes place at the greener, top part, of t,he hemp 
plant by showing less pectic substances and |)entosans, a higher 
lignin, and a lower cellulose content for the top fiber, 

INFEIJENCE OF SUNEIGHT ON RETTING 

A study was made to determine the effect of sunlight on retting. 
Experienced hemp producers in Kentucky believe dew retting im- 
mediately after harA^est to be detrimental because of ‘'sun scald’k 
For this reason, the hemp is shocked when harvested in late August 
and early September and spread to dew-ret in November during 
cooler weather. The term “sun seakP' is vaguely defined but ap- 
parently refers to a condition in which the hemp bleaches unevenly 
and fails to ret uniformly. In order to study this prolilem, 500 pounds 
of harvested hemp were shaded during the day but fully exposed 
to dew and rain. An equal amount of similar hemp was allowed to 
ret in the open and served as a check on the shaded hemp. A bundle 
of fresh green hemp from the same lot was spread and dried rapidly 
at 75® C. This hemp also w^as shaded during retting. i\ll the hemp 
straw was turned after retting 3 weeks. Both the shaded and the un- 
shaded checks were exposed to equal amounts of rain ; how^ever, the 
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check required 33 days to ret while the shaded hemp required 45 
days. The heated and shaded hemp seemed to ret at about the same 
rate as the shaded, although the former gave a more uniform and a 
darker color. This may have been due to early destruction of enzyme 
action with subsequent effect on the microflora of retting. 

The hemp , straw was prepared by breaking and scutching in a 
commercial mill. The fiber yield and fiber analysis are shown in 
Table 2. 


Table 2. — TJie change in quality and chemical compositian of hemp fiber 
brought about by preheating and shading during rettivgfi 


Fiber 

Ret 

Cellu- 

lose, 

% 

Lig- 

nin, 

% 

Pen- 
to- 
sans, ■ 
% 

Pectic sub- 
stances, % 

.Ni- 

tro- 

gen, 

% 

Ash, 

% 

Line 

hber, 

% 

Breaking 
strength, kgs | 
per gram I 

Check. .... 

Open 

72.5 

8.40 

! 4.37 

7.26 

0-57 

2.99 ; 


1 20.4 

Shaded .... 

Covered 

73.1 

8.47 

3.89 

7.82 

0.51 

' 344 

67 1 

1 04. 8 

Heated and 
shaded . . 

Covered 

75-2 

7.84 

3 -98 

7.82 

: 0.49 

3'03 


L334 


*The chemical analyses are on a dry- weight basis. 


The chemical composition of the unshaded check and shaded hemp 
fibers is very nearly identical. A little more pectic substances and ash 
were removed by retting in the open. The strength of the unshaded 
hemp was greater than that shaded by 120.4 kgs per gram as com- 
pared with 104.8 kgs per gram. Heating prior to retting produced 
the greatest change in the fiber and also gave fiber of the greatest 
strength. These differences produced by heating may perhaps be due 
to the fact that the heating slowed down the action of microorganisms 
of retting in such a way as to retard fiber decomposition. This pre- 
conditioning of the fiber by heating or d.rying, such as takes place 
in shocking or stacking the green hemp, seems to give some measure 
of control against over retting. A record of 12 hemp growers in Ken- 
tucky In 1942, 5 of whom shocked their hemp before retting while the 
other 7 spread their hemp to ret at cutting time, is of interest. Shock- 
ing before retting gave 52.7% line fiber, while retting at cutting time 
gave 32.9% line fiber. This was an exceptionally wet fall and winter 
which did imt allow the hemp to be shocked when retting was com- 
plete. Shading apparently did not stop fiber decomposition over the 
longer retting period and gave lower breaking strength; however, it 
did produce more line fiber, 67% as compared with 61% for the check. 
The values for strength and percentage of line fiber seem to be contra- 
dictory and will need further experimental work to substantiate or 
correct the results. 

EFFECT OF VARIETY, RATE OF PLANTING, AND TIME OF RET- 
TING ON CHEMICAL COMPOSITION AND STRENGTH OP FIBER 

A variety, rate-of-plantmg,_ and time-of-retting field experiment 
was undertaken at the Michigan Agricultural Experiment Station 
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in 1942. The lienip s^tmw from each eK|)eriiiieiitfiI plot, alter :cutting, 
was aiivided and one pai"t allowed to ret. in tile fall and another part- 
was retted in the winter. Fall i*ettiiig \ras' allciwed t.o continue for 
29- days and:winter retting for 49' days. The liber was- later prepared 
by - machine breaking, samplecb t;ested for strefigilx ■ and analyzed 
for cellulose, lignin, pectic substances, pentosans, nitrogen, and ash. 
The fail-i'etted fiber was noticeal:fly gmen and under ret:ted, while 
the winter-retted samples, according to ac€e|:)tcci c'olor standards, 
were perhaps slightly on t:lie tinder rented side. The data for chemical 
composition are given in Table 3. - 


Table 3. — Dry^i^eigkt composition of retted kemp fiber %mih omedysh of 
varmnee tf lhe consi-itueuis. 


. 

Beed- 

in^' 

rate, 

pecks 

per 

acre 

Ret- 

ting 

period 

■ Cellu- 
lose, 

(jf 

/o 

1 

Lignin, 

% 

Pectic 
sul.:e 1 
stances, : 

% 1 

' i 

1 

■ Pen- i 

t-osrms, 

• 

/€ 

' 

Protein, ' 
Nk6.25, 

Cf 

/c 

.\sh. ■ 

Vf 

/c 

Analy- 
■sis . 
total, 

% 

3 


Fall 

70. 

i '-4 

Kent'ii<:;k’ 

4-38 

5.09 

'3‘tct 

97*31 

3 


Winter 

-■ 73.*^ 

7-3- 

5-3- 

3*6,3 

4 ,96 ' 

2.37 

<>6.82 

4 


Fiill 

(>8.9 

7.64 

7.70 ■ 

4.24 

3.67 

.3*27 ■ 

97.24 

4 


\¥inter 

73*2 

73':>3 

5*45 

3-44 

4'73 

2,37 

9«>-37 

. 5 


Pall 

67.7 

7.79 

B.32 

4 '73 

5.68 

3.21 

97-65 

, -5 


Winter 

72-3 

7 '57 

5‘92 

3.66 ■ 

5.24 

.2.51 

97- n 

3 


Fall 

71.9 

6.02- 

Cl'ulean 

B.54 

4.70 

3 ‘75 


'97't5 

>•? 


Winter 

74,6 

6.32 

6.66 

3*76' 

3*59 

2.07- - 

■96. S4'' 

4 


Fall 

' 73- 1 

5.96 

7.90 

4.40 

.3.87- 

2,71 

■97*39 

4 


Winter 

7 i-» 

CL4.9 

6.34 -■ 

3*74 

3-96 

2.1,0 

96,29 ■ 

■ 5 


■-Fail 

73-6 i 

5.SD' 

8.17 

j 4.70 : 

: 3,62 1 

2,62 : 

. 9S.68 

'■ 5, 


V Winter | 

1 73.9 1 

6.71 

'643' 

I . 3.B6 , .i 

I 3*80. ' 1 

2,07 ■ ,! 

96.94 

ICentiiekv 

70.9 

: 744 

Coniporisons 

6.67 1 4.02 . 

■ 5-25 j 

2.83- ■: 

1 

Chilean 

73-5 

6.22 ■ 

7.28 

4*19 

3*77 ,j 

;2.37 ,■ 

1 '■ t 

Dif, and signi- 
ficance 

'-- 2 . 6 **' \ 

1.22*^' 

-0.6 1 

-0,17 ■ 

148**' 

I 046^^* 

^ ■ ' - ■ 

t 

3 pecks per acre 

724 

6.72 

6-95 

4. II 

4 ‘3 5 

' 2'. 57- ■ 

1 

1 

4 pecks per acre 

72.2 

6.78 

6.B5 

3-95 ■ 

4.56 ■ 
4.58 ■ i 

■2.Ch 

i 

5 pecks per acre 

7U9 

6-97 

7.21 

4.24, 

2.60 

1 

3”5 

dif. and 







! ” :r 

significance 

0.5 

-0.25 

•'-0.2 6 

-0,13. ; 

-0.23 . ■ 

- 0.03 


Fall retting. . . 

70.9 

6.74 

7.98 

4*52 

4,61 

2.94 


Winter retting 

73‘5 

6.91 

6.02 

3-67 

4.3B -c 

3.-’5 


Dif, and stgni- 
: /ficance. v:. 


-0.17 

1.96** 

0.85 

0.23 

0.69** 



*EacE value is the average of six replications. 

f '^Significant odds better than 90 to i. Only interactions that are significant are retting season X 
variety tor cellulose ana Ligmn. 
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The chemical data indicate a higher level of celliilase, pentosans, 
and pectic substances in fiber of the Chilean variety, with a higher 
concentration of lignin, protein, -and ash in the fiber from the Ken- 
tucky seed. The fall-retted samples show the effect of under retting 
by giving higher values in the more soluble fractions, such as pectin, 
pentosans, protein, and ash. These higher values of soluble constitu- 
ents in the fall-retted fiber lower the percentage of cellulose as com- 
pared with the percentage in a well-retted fiber. It has been shown 
that lignin increases and reaches its highest concentration late in 
the plant's life cycle and therefore is associated with maturity; 
consequently, the time of harvesting the hemp will play a part in 
the ultimate concentration of lignin in the fiber. Microorganisms do 
not readily attack lignin, and it is doubtful if those present in retting 
have this faculty to any great extent. Thus, by removing the soluble 
fractions during retting, the percentage of lignin remaining in the 
fiber should continue to increase with increased retting. The same 
reasoning can.be applied to cellulose, although it has been demonstra- 
ted that the fungi associated with dew retting will destroy cellulose 
as their more readily available food source is depleted. 

Lignin values for fall- and winter-retted hemp fiber of the Gliilean 
variety agree with this line of reasoning, i. e., the highest level is 
found in the winter-retted fiber. The Kentucky variety gave the high- 
est value in the fall-retted fiber, which is difficult to explain by the 
action of the retting process. The solution may be in greater 
concentration differences brought about by the difi'erent degrees 
and ease of retting between the two varieties of hemp fiber. This may 
be seen in the cellulose fraction from the Chilean fiber where the ret- 
ting difi'erence between fall and winter is only i to 2% while for 
Kentucky fiber it is 3 to 4%. From the fall- and winter-retting 
averages it is apparent that the concentration differences for the 
Kentucky fiber are greater for all fractions except lignin. Since greater 
concenti^ation changes in the more soluble fraction indicate greater 
ease of retting, it is probable that microbiological action destroyed 
some cellulose in the fall retting when the plants were fresh and green 
without attacking the lignin. This may account for the higher per- 
centage of lignin in the fall-retted fiber, which would indicate that 
at harvest the Kentucky hemp was greener and less mature while 
the Chilean hemp was more mature and not so readily attacked by 
microorganisms. 

The chemical data indicate that the seeding rate has had an effect 
on retting by giving lower cellulose and lignin values and higher con- 
centration of the more soluble fraction at the higher rates of seeding. 
This can be accounted for by assuming that the larger amounts of 
hemp produced by the heavier stands would ret more slowly after 
spreading. Table 3 shows that hemp fiber from the Kentucky variety 
has Significantly less cellulose and pectic substances and more lignin, 
protein, and ash. The retting period influenced significantly the 
composition of the fiber, as shown by the fall period having lower 
cellulose and a higher value for pectic substances, pentosans, protein, 
and ash. Highly significant differences were found for the inter- 
actions for season of retting and variety for cellulose and lignin. 
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In Table .4 are shown the effects of variety,' seeciing rate; ami 
retting period on fiber qiialit-y. Thc^ lire-aking strengths are reported 
in kilograms per grain of fiber, while tlie fiber grades were^ com- 
mercially graded. The table shows that the -fiber' froiri the Kentucky 
hemp is of significantly greater strength than tlie fiber from the 
Chilean variety. There is a tendency for the stronger fibers to be 
associated with the heavier seeding rates. This may be due to less 
retting because of the heavier stand, finer and better qtiality liber 
in the heavier seeding, or it may be a combination of the two factors. 
Strength tests prove that fall-i'etted or under retted liber is stronger 
■than that obtained from winter rettiTi|. This is apparent in the 
averages and especial!}^ those from the Kentucky fitier. Tlie average 
of the- three fiber' grades is related to- strength; that is, the white 
grade average strength is stronger than the red grade and the blue 
grade is stronger than the white grade. This relation is more pro- 
nounced in the Kei:it.ucky variety. Tlie. average, of all blue grades was 
io 8'.5 kgs per gram; of all white grades, 104,4 kgs, per gram; and 
of all red grades, 1,02.7 kgs per gram; however, it must be noted 
that there are only four blue grades from the four replications tested.. 

CONCLUSIONS, 

Retted hemp fiber is coinposial ot about Sq% and lignin, 

while the remaining aofif-, or partially soluble fra(‘(.ion is made up of 
nitrogen compounds, 'pectic substances, pentos^ins, asly and other 
extractable substances. Uiiratted hemp fiber consists of about 30% 

. of . the' partially soluble fmetion. By retting, part of it is removed in 
onier to free the fiber. When the fiber is exposed to microbiological 
action, it- is weakened and, as 'a result, the -breaking strength varies 
inversely with the length of Ihc^ retting pKniod. 

■ Exposure to tlie sun vsliortens tinie '-of retting. 

Damage to hemp fiber during retting may occur to a greater ex- 
d;ent when the fresh, green, plants are retted than if the plants are 
allowed to. cure by' shocking-; further, the younger top part of 'the 
plant timy imdily result ill \veaker fiber. 

Winter retting compared ■ ivith fall retting usually has been ob- 
served in, practice, and substantiated by the experiment rep-ort:ed here, 
to result in a better color but iveaker fiber. This condition is probably 
due to the slower, longer retting period. The chemical composition 
of winter-retted fiber was lower in the more soluble fractions, which 
indicates more retting. 

Fibyx grown from Kentucky hemp seed had a different level of 
constituents and greater strength than liber from Cliiknn hemp. 

Ill general, the breaking-strength tests were related to coinmei*cial 
fiber grades; however, the Iowtt grade had some of the strengest 
fibers, which can be attxibuted to imdcr-reiling. 
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NOTES 

COMPARATIVE SOIL TESTS 

R apid chemical soil tests have long been considered agrono- 
. mists to be potentialty useful for obtaining some idea regarding 
the nutrient status of soil. The degree to which such tests have been 
helpful in field work has varied with kind of soil, with local conditions, 
and with the experience of the agriculturist using the test. By the 
late 'thirties, interest in these tests was sufficiently widespread to 
justify a collaborative stud}^ of soil testing methods and such a 
program was accordingly sponsored by the American Society of 
Agronomy (2)^ and by other organizations. 

Staff members of 14 State experiment stations furnished a group 
of 31 soils used for the test and these 14 stations, together with other 
institutions, took part in the collaborative work. M. F. Morgan of 
the Connecticut Agricultural Experiment Station acted as Chairman 
of the committee in charge of the testing program, known as the Soil 
Testing Committee, and M. S. Anderson of the former Bureau of 
Chemistry and Soils, U. S. Dept, of Agriculture, took charge of the 
soil samples and I'eceived from each collaborator a copy of the results 
sent to the Chairman. Use has been made of these soil samples by 
a considerable number of organizations, particularly in the eastern 
part of the United States. A brief description of the soils and their 
characteristics was published in a bulletin of this Department (i). 
The data received from collaborators were summarized by Moi'gan 
in a mimeographed report (3). 

Each collaborator used the methods currently employed in his 
laboratory. This led to the use of widely varied extractants and to 
wide variations in other features of the tests. Some collaborators 
used weak solutions of strong acids; others used concentrated solu- 
tions of weak acids or their salts. Results obtained wdth these two 
widely different groups of extractants were considered separately in 
Morgan's report. This report rates the results of the various collabo- 
rators on a relative scale of zero to 10, In order to have a value of 10 
the constituent of a soil must be voted highest by all collaborators. 

The original collaborative study did not include Neubauer tests, 
but such deteiminations have been made with facilities recently 
provided by this Division. The work of the Soil Testing Committee 
was officially closed several years ago, but the soil samples are still 
in the hands of the original custodian. The main interest in Neubauer 
data probably will lie in its relation to the relative productivity 
estimates made by those who selected and collected the soils. There 

Tigures in parenthesis refer to “Literature Cited’h p. 158. 
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is also' an interest in tbest^ data in I'elation to 'il'HFsnn:irB.ary values 
■for soil tests iropared by Morgan. 

RESULTS' ■ 

■ 'The Neub.auf:T 'data are p.iT;seoted in "ra 1 ..ile id inekided. also are 
comnieiits conc..‘erniTig native soil fertility, atlaii'ied soil ^.productivity,' 
certain parts of the siiinrnary of scdl tests prepared l:.iy ..Morgan, and 
other data. T'here is little basis for a siiatl''iet:nat.ii;ri1 '!.reat!nent of the 
relationships i'livolved. However, the da.ta' liave the f;.|iialitative sig«- 
ni'ilcance usually .aitaelied to this kind of work. ■ 

"■ Cokunns 3 and 4 indicate tliat some of the soils have nee.ii markedly 
altered by field management, while o'tiiers sliow btrl; little e'vidence 
of change. The intensive fertilization treatments to' which the 
Merriiriac’ sandy loani had preBumably- been subjected, Imoiight it 
to a eonditiCRi 'wlieiv t!ie Neuliauer 'values for pliospliorus were nearly 
as high as were 'those of. the Mimry silt loam that had. a liigh native 
content, of this element. The Sassafras loani, rated as beii'ig in a poor 
state of attained productivity, showed a. Ingli Neubaunr value for 
potassium (33.8 nigm of K2O per ioo-. grams). This value was in 
accord with the 9.2 composite soil test rating. Rec'ei'it fertilization may 
have lieeri responsi];>le for I'ugh '\'alue obtained. 

The iiiforniation given liere spcak.s fnr it.sdf'in refiecting di'versity 
of soi.l, iiind of treatment, methoii of testing, anc.i rierhaps period, of 
storage, Hiose who have hiid h jiart in tiie ca:i!lal;)ora.ti've soil testing 
program, can co'mpaiv these data wi'tJi tlieir ■ specific laboratory 
I'csiilts; to otherSy i'i affords opportunity^ for the CfM'iparison. of soil 
.test data on diverse^ soils.. 

LfTERA 1 Tl,RE critED)^ 

I. Amderson, M. S., Keves, 'M. G., 'and W. Saluljle material of 

: soils in relation to their clas?Hiiication a.nd general fertility, U, S. Dept, Agr. 

: Tech, Bill. 813. 1942. " ^ f 

.2., Akonvmous. Cl'ieck soils for CDllabcrniti'V'e soil testing,, jour, A-mcna Soe, Agron., 
;. ; 32:550. 1940, 

3, Morgan, Al, P. A comparative study 'of soil test results. Iw various colhibd-. 

■ .rators on..::i series of clieck soils. Alinutes.of ' tlie SixtJi Aiintia! Afeeting of 
' \ y the Comniittee on .Fertility, Anie.riean Society of Agrcmoniy, pages 6-21, 
Arimeoiwaphed, 1940. 

.'"M.dS..'AND'ERSOH. 'AND: R. S. .HoLMBS, Bureau qf 'Plant Industry j 
-S 0 s, 'mid' Ap'imlUiral Engineering,. Agrktilitt^ Remarch Admmmtra- 
'M 0 ny lJ, S. ’Dept. of 

®The Neubauer dair: were taken by W. Klipp ami R. S, Holmes of thi.s 
Division iti 1944. 

;■ L A CbO?EE;OTLiER FOE HEAD 

T O/) THE : writer's '■■know!cMgej-) severad.):effor^ ' h^we' been ■ mad§ 
toward the development of a clover huller which would be ef- 
ficient in handling single heads or small lots of clover. Lack of pub- 
lished information indicates that these apparently were not highly 
sttccessfub Nevertheless, there seems to be a need for such a machine. 
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with the top on a level with the rollers and beveled .underneath so 
that the ends escaped . touching the rollers by about inch. This' 
boa:rd in turn was c’overed withjiglit weight dieet' metal. The metal 
was turned over the ends of the Ijoard and turned up on the sides 
to' form a ‘‘U” in which the belt could run. The. sheet metal was 
tacked to the top of the side boards which housed the balance of ■ 
tlie mac‘liine. 

The 'corrugations on the belt were worn down slightly so that the 
grooves would hold seeds so that t.hey pn:dected only slightly above 
the ridges. 

The mount i,ng of the hinged board, mquires some care. The end 
into wliich the clover is fed was i:>eveled slightly to permit easy. feed- 
ing. The forwaoi end was iit.ted- so that it c lea..rs the bottoiii belt by 
about 1/64 inch more than the liack end. The back or hinged end 
merely dears' the belt so that a sheet of paper cTin be inserted between 
the two sections and be withdrawn with a slight pull. It is important - 
that this operation be done carefully to prevent the two sections 
from rubbing together. The bfianl in the |>res(‘iit navlel has sheet 
metal strips naikni tt.> the sides which rnaiiUain the distanr*cs between 
the two. 

The writer was torlunatc^ in obiiaining snuie scrap gears from an 
old movie ])rojector whicdi v;ere ulilizctl to the Indt tlie desired 
speed. Two larg'c gears uf about irahes diianadcT ajid two small 
gears of '"'s and i in<h were iisial atid gearecl tij a .small motor of 
about i/m horsepower. Irigs, t and 2 show lurw tliesc were a.ssembled; 
also, liow t,he sidelioards rg' frame were cut. out in order to expose 
the malerside of the belt for cleaning when sc^mIs are occadonally 
carried underneath. 

The present model carries a .fh* inch. belt. I'his could be narrowed 
to 3 iiudies to suit individual needs and (H[tuptiR*nl, .available. The 
overall length i>s 13 iiudios with 0 itu’hc^s belwtHU rollers. When fed 
slowly, this length at present liuils about 80 to and when re- 

modeled the. writer feels that 12 inches between the rollers would 
give almost xoo% hulling once through. No attempt has been made 
to adapt a st'tecn for cleaning. The seed is caught in a metal pan and 
screened and cleaned by hand. 

The model described has lieen used exclusively on crimson clover 
and no scarification of seeds has been noted. To determine its capa- 
bilities, a small amount of bur clover was tried with marked success. 
It is believed that the machine would work with equal efficiency on 
practically all clovers. — Edwin James, Deparimeni of Agronmnyy 
University of Georgia, Athens, Ga, 

' ' A TBCHHIC FOB. MEASHllNG ERGOT RESISTANCE IN 
PASPALUM SFBCIESE 

M ost of the Paspalmn species that grow in the Southeast are 
susceptible to ergot, Claviceps paspali. Dallis grass, Paspalum 

Cooperative investigations at Tifton, Georgia, of the Di vision of Forage Crops 
and^ Diseases, Brireau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Adininistratioii, U , S. Dept, of Agriculture, the Georgia 
Coastal Plain Experiment Station, and the Georgia Experiment Station. 
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dilatatum, the member of this group most widely used in improved 
pastures is also one of the most susceptible to this disease. ^ In ad- 
dition to reducing the quality and quantity of viable seed, this ergot 
may also impair the health of the animals that consume it. Conse- 
quently, breeding for resistance to ergot has been one of the principal 
objectives in the improvement of Dallis grass. Little progiuss has 
been made, however, due to the lack of a satisfactory technic for 
measuring the differences in the amount of ergot in strains of the 
grass, all of which appear superficially to be equally susceptible to 
the disease. 

The determination of the amount of ergot in the Paspalums is 
made difficult by the following reactions of the parasite and its host. 
The initial infection of the florets is marked by the formation of 
much sticky exudate that usually covers most of the florets in a 
panicle. Since florets containing normal caryopses may be as heavily 
covered with exudate as ergotized florets, the presence or absence of 
exudate is not a satisfactory criterion for determining whether or 
not a floret is ergotized. Some of the ergots become large enough to 
spread the lemma and. palea apart and may be easily separated. 
Many of them, however, reach approximately the same vsize as the 
caryopses and never spread the lemma and palea apart. These florets 
may be separated from those containing caryopses only by dissecting 
all florets in which the glumes are not spread apart by large ergots. 
This technic is laborious, exceedingly tedious, and time consuming 
and is not a satisfactory method for analyzing the many seed samples 
that must be dealt with in a breeding program. 

During the past season over i,ooo seed lots of Dallis grass were 
analyzed for ergot content using the following technic. On August 7, 
1943, all seed of the cuiTent season was harvested from each of 960 
spaced plants of Dallis grass, the constituents of a test of 24 seed 
sources arranged in four-plant family rows i^eplicated 10 times. 

Burton^ has shown that seasonal variations affect the formation 
of ergot in Dallis grass. Therefore, in comparing the ergot resistance 
of different strains of Dallis grass, it is important that the seed for 
analyses be produced under the same climatic conditions. When dry 
enough, each seed lot was threshed, screened, and placed in a properly 
labeled coin envelope. The percentage of heavy florets in each lot 
of seed was then determined by weighing out a representative i-gram 
sample, removing the empty florets with a seed blower,'^ and weighing 
again the remaining heavy florets. Although these percentages ranged 
from 47-7 to 70.5 and differed significantly between strams, tt^^^ 
information is of doubtful value in measuring ergot resistance. Since 
in the absence of ergot the percentage of heavy florets in Dallis gntss 
frequently ranges from 20 to 60, it would appear that ergot is not 
responsible for the formation of empty florets in this grass. Heavy 
florets, comparable to Dallis grass seed as it goes on the market, 
would seem, therefore, to be the better base from which to measure 

^Burton, Glenn W. Factors influencing seed setting in several sontiiem gras- 
ses. Jour. Amer.Soc.Agron., 35:465-474. 1943. 

^ ^Burton, Glenn W. A useful seed blower for the grass breeder. Tour. Ainer 
Soc. Agron., 30:446-448. 1938. ^ 
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the percentage of ergots in arriving at the eigot msistaiice of liifihrent 
strains of DalHs grass. Tfie cleteri'ninatioe of the percentage of hsmy. 
florets by .weight might well l:)e omitted from ftitnm studies where 
'information concerning' only . the ergot, resistance of different strains 
is desired. ■ ' 

In making the. ergot analyses 100 lieavy florets were taken from 
each sample and were placed in 'id-nira t^est When. 20 of these 

tubes had. been prepared, approsirnritely 4 ect of teelinica! 66 ^ sulfuric 
acid were added to each tube, the tubes placed in a test tube shaker, 
and shalcen for 35 minutes. The' caryopses and ergots in the tubes 
were th.en washed into beakers, of water, ,sepa, rated from the water 
by pouring the beaker, contents thru a feiemiesh screen, and then 
spread out on properly labeled paper towels to dry. When dry,' each 
sample was rubbed liglitly between the fingers t^o remove t-lie remnants 
of the lemma and pa.iea and. were again blowed to remove this dusty 
material' The earyopses could,' then be easily separated from tlie 
dark, irregular sliaped, ergot 'S and counted. Tliese earyopses coun.ts 
subtracted from 100 gave the |:)erce!itage of ergoti^ed ■flo,ret;.s in each 
sample. (A direct count of the ergots can not Ix^ made bc(‘ause some 
of them are completely destroyed by the aa'kl). 1\vo me!! working 
together an<l coimtiiig sec‘d \Yhilc sa,!n])les wa^re shaking amd drying 
were able to do 10 to 12 sami)les per man lu>ur. When eomixuxd with 
the old method of dissecting fkn’cts, this Icchnit' was much less tire- 
vSome, gave more accurate results, an<l ncxitiy d(nil)kHi the number of 
samples tliat could be analyzed per day. 

A statistical analysis of the I'esults a ! this study revealed that 
strains of Dallis grass tha.t had appeared to Iw e(|ually sus<x^ptible 
to ergot Avere actually signiilcantly different. The inea.n ergot per- 
centages for the 24 ,stndns' (each iTiea.n the ^ average of 'the ergot 
analyses c)! 40 plants) ranged from 25.0' to 70.4. A tiieao difference 
of was required for P .- 0.65. . : 

. This technic has been nsvxl with equal suec^ess itl determining the 
ergot resistance of .strains of Pasfalmn myiatum and several .Paspalum 
.li^d^rids. When using thi-s technic with other species, it is necessary, 
'to ait'er'the length of the" acid treatiiieih; ' to. conf 01111'^ w the thick- 
■ness^'of the lenima rind’ palea. The thick-glumed florets of 'common 
Bahia, for exampie, must be ..scari.f!.ed from 45 to 60 minutes to remove 
the lemma and palea, while some of the tliin-glumed Paspalums 
require less than ' half as' much scarification. — ^G'Len.n' Wl Burton, 
Coastal Pkdu Expermmrt Siation-r Tifimi, Ga. ' ■ 


BOOK REVIEWS 
BE RE RXJSTICA (ON AGRICULTURE) 

By Lucius Junius Moderatus Columella, translated by H. B. Ash. 
Loeb Classical Library Series, printed in England but sponsored and 
sold by the Harvard University Press, Cambridge, Mass,, XXIX + 461 
pages. IQ41. $2,50, 

S tudents of agricultural history will welcome this book which 
is printed with tfe Latin text on one page and the English trans- 
lation opposite. Numerous footnotes add greatly to its value in re- 
search. Translations of the 12 books of Columella's De Re Rustica 
will be published in three volumes; only the first volume containing 
the first four of the Columella books has thus far been printed. The 
remaining two are expected to appear after the war. 

A considerable number of translations of the works of Columella 
have been made in various languages including German, Prencli, and 
Swedish. However, the only one covering the 12 books in English 
was published in 1745, has been out of print, and has been available 
to the public only in relatively few libraries. 

This modern translation by Ash, written as it is in beattiiful 
English style, should be particularly valuable to teachers of agri- 
cultural subjects in schools and colleges. The book provides infor- 
mation whereby the student may readily compare Roman thought 
with current ideas regaining soils, their management and the adapta- 
tion of crops to difierent environments. It provides an excellent back- 
ground covering social and economic ideas prevalent in Italy and 
environs nineteen hundred 3’ears ago. This publication, which is 
being sold at a popular price, should do much to further an appre- 
ciation of the work of a great Roman writer who ciuotes freely from 
still earlier Roman literature concerned with agriculture and other 
technical subjects. — M. S. Anderson. 

ROOT DISEASE FUNGI, 

By S. D, Garret. Waltham, Mass.: Chronica Botamca Co,; New 
York: G, E. Stechert & Co. ijy pages, Ulus. 1944. $4.50. 

I N THIS book, the author has done a good job of summariring, co- 
ordinating, and analyzing the numerous individual contributions 
to the study of root diseases that have appeared in recent years. The 
book is the first to deal with this group of diseases in such a compre- 
hensive manner. The author's critical analysis of the subject has led 
to the formulation of a number of broad principles and generaliza- 
tions that will be helpful to research workers and teachers alike. When 
such generalizations are made they are printed in italics for emphasis, 
a feature that increases the usefulness of the book as a reference for 
workers in related fields. 

There is more to the book than the brief title would indicate be- 
cause its primary emphasis is not upon the fungi Which cause root 
diseases, but rather upon the relationship between these fungi and 
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the-., complex environment iti which they live. The 'eeDlogical view-' 
point' is maintained throughout the discussion. Due recognition is 
given to the iiifliience of such pfiysical factors as’ temperature, mois- 
ture,- texture , Teactioiu organic eonterit, and plant nutrients on the 
root diseases. -For the convenience of the. reader, many well-known 
root diseases have been tabtalated to sli,-ow at a glance how they are 
influenced by the various environmental factors. It is recognized that 
these physical factors do not alwat'S exert tlieir influence directly on 
tile fungus and host plant, but indirectly through their effect on the 
complicated mierobioiogical flora of the soil. 

The book is not -a purely acad.eniic txeatise for six chapters are 
devoted to a discussion of control, measures adapted to field crops, 
plantation :crops, and plants grown in greenliouses. The practical 
agronomist will find much of interest- in these chapters. 

The book is well writtein carefully edited, and remarlcably free 
ixom typographical, errors. It is not exteii-sively illustrated, only 9 
figures, mostly line drawings, having been used. A liihliography of 
over 600 titles, a sulffect index, and an author index occur at the end 
of the 148-page text.—J. G. Leach. 

AGRONOMIC AFFAIRS 
NEWS, ITEMS 

Doctor Charles Jh Simmons, fnrnierly Extension Agronomist, 
University of Arkansas College of Agriculture, has accepted a posi- 
tion as Associate Agronomist at the Louisiana Agricultural Experi- 
ment Station at Baton Rouge, He will conduct research in the sugar- 
(xme ctrea cm fertilizers and soil fertility. 

: .A 

.. The List of the committee on Soil Tilth given on page 4039 of the 
Dccural'KX, 1944, number of the Journal should have rea<i as follows: 
For .the American Society of Agronomy, B. T. Shaw, Chamnmt, L. D. 
Baver,-E. N. Fergus, T. .M. McCalku and M. B, Russell; for the 
American Society of Agricultural Engineers, L F. Reed, Chairman, 
M. L. Nichols, J. H. Neal, A. IT Yerkes, and E. G. McKibben. 

Lt. Col. R. H. Morrish was incorrectly listed as '‘Chief of En- 
gineers, LT. S. Army” on page 995 of the December, 1944, number of 
the Journal, His correct title is Chief, Grounds Maintenance Unit, 
Construction Division, Office of the Chief of Engineers. 

Doctor Edwin B. Fred, a member of the faculty of the University 
of Wisconsin College of Agriculture since 1913 and. Dean of the Col- 
lege since 1943, has been tdected President of the Universityj effective 
February 15, 1945. 
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TETRAPLOIDS INDUCED IN RICE BY TEMPERATURE 
AND COLCHICINE TREATMENTS^ 

H. M. Beachell and Jenkin W. Jones- 

S uccess in the artificial production of polyploids in various plant 
species suggested the desirability of similar experiments with rice. 
Exposure to extreme and sudden changes in temperature frequently 
has induced chromosomal aberrations in plants. Matusima (2)^ re- 
ported tetraploid cells in the root tips of rice seedlings exposed for a 
short time to temperatures of 42.5^ to 45.5^0, but he did not say that 
the plants were tetraploids. 

The stage at which chromosomes are most easily affected by en- 
vironmental changes is thought to be at the time of sporogenesist lri 
rice, this appears to occur 10 to 15 days prior to heading. At the time 
of year preceding and during the heading of rice, the maximutn daily 
temperatures are high, and sudden changes in temperature a.re not 
uncommon in the rice areas. It is possible, therefore, that such ranges 
in temperature may be responsible in part for the naturally occurring 
chromosomal aberrations reported in this paper. The temperature 
may act dix'ectly upon meiosis, resulting in the production of ab- 
nomial gametes as reported by Nandi (8); it may cause somatic 
mutations that eventually affect the germ cells; and immediately 
following fertilization of the egg cells, the chromosomes may be 
doubled by cold or heat, and by a combination of both. 

All varieties and mutants of rice, Orym t., examined cy to- 
logically prior to 1930, were reported to have 12 chromosomes in 
their pollen mother cells (2% - 24). In the past 12 years, however, 
haploid, trisomic, triploid, and tetraploid plants have been reported 
and described. In 1931, Morihaga and Fiikushima (3) found a hap- 
loid among the Fi plants of an intervarietal cross. Later, Nakamura 
(5), Ramiah, Parthasarathi, and Ramanujam (9), Jones and Longley 
(i), and others reported finding haploid rice plants. 

In 1932, Nakamori (6) reported the occurrence of trisomic and 
triploid plants, and in 1933 reported on a tetraploid plant (7). In 

^Contribution from the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Sods, ^ and AgriGultural Engineering, Agricultural Resean'h 
Administration, U. S. Dept, of Agriculture, and the Texas Agricultural Experi- 
ment Station, cooperating. Received for publication September 28, 1944. 
^Associate and Senior Agronomists, respectively. 

’Numbers in parenthesis refer to “Literature Cited”, p. 175. 
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1936, Moriiiaga and Fiikusliima (4) 'reported finding tetraploid plants ' 
in Japan aii'd in 1941 J'oneS' aiid lA:)iigley (i) reported tetraploids in. 
the United States. In the 'latter ];)a|:>e:i\ the characteristics of haploid, 
triploid, and tetraploid pla,nts of the Caloro uariety were described/ 
The charaeteristic'S of these chroniosonie types also apply to similar 
chromosomal aberrat.ions found, in other rice varieties and hybrids. 

Haploid plants ha'ce been found in varieties and hybrid . popula- 
tions. almost every season during the past 10 years at the Texas 
Agricultural Experiment Station No. 4, Beaumont, Tex. Haploids 
probably occur as frequently in varieti’es as in hybrid material, but 
plants of the latter are examined in more detail ' and hence more 
haploids are found. 

■ Triploid plants also have been observed, but no naturally occurring 
rice tetraploids have been found at Beaumont. Two tetraploids, one 
in Blue Rose 41 and the other in Zenith, were found by Dr, C. Roy 
Adait^ and the junior author at the Rice Branch Experiment Station, 
Stuttgai't, Ark. Both of these and one of the two Caloro tetraploids 
reported by Jones and Longley (i) originated as tetraploid-sectors 
on diploid plants. 

In this paper, the production of tetraploid plants by exposing the 
panicles soon after blooining to low and t:o high temperatures, to a 
combination of low and high temperatures, and by soaking tlie seeds 
in colchicine solutions at the Texas Agricultural Experiment Station 
No. 4, Beaumont, Tex., is reported. In the temperature treatments, 
panicles were exposed at different periods after blooming. 

TEMPERATURE TREATMENTS 

The effect of low and high teraperatures on panicles of Blue Rose 
rice treated at stages ranging from 5 to 30 hours after blooming was 
studied in 1939, 1940, and 1941, and the Caloro variety was included 
in the experiments of the latter 2 yeai/s. Panicles on plants growing 
in the field were treated by immersing them for various lengths of 
time in thermos bottles containing water varying in temperature 
from 0° to 4® C for the low temperatures and from 38^ to 48° C for 
the high temperatures. In some treatments, both low and high tem- 
peratures were used on the same panicles. Most of the treatments 
were started 19 to 24 hours after blooming. The period of maximum 
blooming was recorded daily, and with the exception of a few' treat- 
ments in 1939, the florets on the panicles treated had bloomed the 
day preceding or on the day of treatment. All florets blooming earlier 
or later than this were removed before treatments were made. 

^ The seed produced by treated panicles in 3939 and 3941 was sown 
directly in rows in the field the following year, but tliat produced by 
treatment in 1940 was germinated in pots in the greenhouse and the 
seedlings transplanted in the field. In 1942, conditions in the field 
were very unfavorable for germination, survival, and growth. 

All tetraploid-like plants obtained from seed produced on the 

^Associate Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, U. S. Dept,, of Agiiculture, Rice Branch Experiment Station, Stuttgart,, 
Ark. 
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panicles treated in 1939 were examined cytologically by the late Dr, 
J. O. Beasley, Texas Agricultural Experiment Station, College Sta- 
tion, Tex., and all proved to be tetraploids. Tetraploid cells were 
found in all tetraploid-like sectors, and a number of tetraploid plants 
were isolated by vegetative propagation of the aberrant sectors and 
also from seeds produced on such sectors. Several of the tetraploid- 
like plants found in 1940 also were examined cytologically by Dr, 
Beasley, and all proved to be tetraploids (Fig. i). 


Fig. i,™Metaphase spindles of pollen mother cells of Blue Rose rice showing (A 
and B) 12 univalent chromosomes of a haploid plant; (C) showing 12 bivalent 
chromosomes of a dijAoid plant; and (D) showing bivalent and tetra valent 
chromosomes of a tetraploid plant. 

The temperature treatments in which tetraploids or other abnormal 
plants occurred during the a-year period, 19^^9-41, are given in Table 
I and are summarized in Table 2. 

Other low and high temperature treatments were tried, but since 
no tetraploid plants were observed, the treatments are not shown in 
Table I. 

A total of 255 panicles were treated in the 3"year period and 8 828 
seeds were produced from which 4,794 plants were obtained. Of these 
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Table 2. -Summary of fice panicles irmkd with low and zmlk high temperakires^ 
or a conilmmiwn of both, for the s -year periods 


Year 

treated 

Yariety 




Number of 





. Pani- 
cles 

Florets 

Plants obtained 

Fer- 

tile 

Ster- 

ile 

To- 

tal 


Tetraploid 

sector 


1 

i-aa 

i 4 -^ 

m 

P 

« 

0 

Severe 

white-tip 


Bhie Rose 

24 



2,185 

4 

4 

I 

! 

0 

0 

1940 

Blue Rose ^ 

52 

1,045 

1,079 

797 

12 

2 

0 


0 

4 

1940 

Caioro 

18 

103 

172 

48 

0 

0 

0 

! 0 

0 

0 

1941 

Blue Rose 

75 

1,907 

1,418 

1,022 

7. 

2 

0 

i c 

0 

0 

1941 

Caioro 

86 

1 

1. i 

1 1,971 1 

1 - 

\ ; 

1,025 

742 ; 

0 

0 

0 

1 

I ^ ! 


0 

Total 

1 255 i 

1 8,828 



26 


' l" 

1 2 

I 

4 


plants, 26 were tetraploids, 8 let raploid-sec tors, i haploid, 2 highly 
sterile, i produced no heads, and 4 were severe!}^ affected by white-tip. 
The highly steiile, nonlieading, and white-tip plants may or may not 
have resulted from th.e treatments. It is reasonable to conclude, how- 
ever, that the tetraploid and teti*a|:)loid -sector plants were produced 
by the temperature treatments, since no tetraph')ids have been ob- 
served in the untreated material of either of these varieties at Beau- 
mont. In many treatments, no tetraploid or other abnormal plants 
were obtained, probal^ly due to the i-ict that the fertilised egg ceils 
were not in the proper stage to be affected at time of treatment. 

Low temperature treatments were more effective than high tem- 
peratures in producing tetraploids. Of the 523 plants grown from 
seed produced on panicles treated with low temperatures, 17 were 
tetraploid and i a tetraploid-sector plant. Of the 24S plants grown 
from seed of panicles treated in succession with low and high tem- 
peratures, 7 were tetraploid and 4 w^ere tetraploid-sector plants. On 
the other hand, of the 846 plants grown from seed of panicles treated 
with high temperatures alone, only 2 were tetraploid and 3 were 
tetraploid-sector plants. Tetraploids were obtained from both short 
and long periods of treatment (Figs. 2 and 3). 

Most of the tetraploid and tetraploid-sector plants were obtained 
from treatments begun 19 to 24 hours after blooming. This indicates 
that under field conditions the egg cells were apparently fertilised 
during this period, for it is assumerl that chromosome doubling is 
most easily induced in the early stage of the embryo. The tetraploid- 
sector plants probably resulted from treatments of egg cells that had 
passed through the first division of the embryo. 

It is believed that had the seed obtained from panicles treated in 
1939 and X941 been germinated and the seedlingvS grown under more 
favorable conditions, probably other tetraploid plants would have 
survived, for under normal conditions only from 50 to 60% of the 
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diploid seed sown produce plants that survive and reach maturity. 
Therefore, since 4# rice seeds usually do not germinate as well as 
those of 2n plants, it seems reasonable to assume that a higher seed 
and seedling mortality rate prevails in tetraploids than in diploids. 


Temperatures of 44° C or above were highly injurious to the setting 
of seed. In 1940, 527, and in 1941, 210 Blue Rose florets on panicles 
were treated for 10 to 20 minutes at 48° and 46° G, respectively. No 
seeds developed following treatment at the higher temperature, and 
only 88 seeds set at the lower temperature, or 41.9% of the florets 
treated; whereas, the average seed set on all Blue Rose panicles 
treated at temperatures below 44^ C in 1940 and 1941 was 49.6 and 
57.1%, respectively. 

The higher temperatures also caused a great reduction in the via- 
bility of the seeds obtained. In 1940, of 137 and Blue Rose 

seeds from panicles treated 30 minutes or more at 45^ C or above, 
only 31 seeds, or 22.6%, germinated; whereas, the average germina- 
tion under favorable conditions for all seeds from the 1940 treatments 


Fig. 2. — Panicles and seeds dr florets of diploid (A), tetraploid (B), tetraploid- 
sector (G), and haploid (D) Blue Rose plants. Arrows point to tetraploid- 
sectors. 
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MTis’ 73,6%.. In i94'i3 of BB seeds set on Blue^Rose panicles treated \ 
for 10 to 20 minutes at 46^ C, onlyai, or 23:9%, produced plants. In I tcfl, 
the same year under field conditions, 370 seeds ol Caloro and Blue '' ' 




Fig. 3.*— Panicles of haploid (Al^^Hploid (B), triploid (C), ami tctraploid (D) 

Caloro plants. 

Rose from panicles treated for 20 minutes or more at 44"^ C or above, 
1 19 seeds, or 31.4% produced plants; whereas, the average germina- 
tion of seed for all 1941 treatments was 45,6%. However, all of the 
plants obtained from seed of panicles exposed to these treatments 
were normah The seeds that failed to germinate were not examined 
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for the presence or absence of embryos, but it is possible that in some 
cases the embryo might have been absent, as reported by Randolph 
(lo) in corn. 

COLCHICINE TREATMENTS 

In the spring of 1939, lots of To to 15 seeds of Blue Rose, Caloro, 
Fortuna, and Rexoro varieties were soaked at room temperatures or 
lower in colchicine solutions varying in strength from o.oi 25 to 0.05%, 
Seeds that had not germinated and those with shoots as much as 20 
mm in length were used. The seeds -were soaked 2 to 240 hours. A 
large number of the seeds treated after sprouting produced thickened 
shoots and roots, indicating chromosomal aberrations. The seedlings 
that survived treatment were transplanted in the field and when the 
plants headed they were examined carefully for tetraploid seeds, but 
none was observed. The following year, all seeds from these plants 
were sown rather thinly in rows i foot apart and three tetraploid 
Blue Rose plants were found, but there w^ere none among the Caloro, 
Fortuna, or Rexoro varieties. These Blue Rose tetraploids apparently 
originated as a result of the colchicine treatments. 

Different shoots of a haploid plant wei'e soaked in 0.18% colchicine 
solution for o, 2, 4, 21, 46, and 94 hours, respectively, involving a 
total of 28 shoots. The crown of each shoot which was about 6 inches 
in length was split before treating and trimmed to about i}^2 inches 
after treating. The shoots were maintained in a culture solution for 
30 days after treating, but when they were transferred to soil, all 
but four died. The surviving shoots included two untreated, one 
soaked 4 hours, and one soaked 94 hours. The untreated shoots gave 
diploid plants, and the treated shoots plants with diploid-sectors on 
W'hich one or more seeds were produced, and from these seeds diploid 
plants were obtained. In both cases the plants of later generations 
appeared to be identical in appearance. During the winter of 1940-41, 
shoots of the same haploid were again treated in a colchicine solution 
and another diploid-sector shoot was obtained. These results indicate 
that this particular haploid probably had a tendency to revert to the 
diploid form, and it is not certain that the colchicine solution had 
any effect. 

Two diploid-sector shoots on haploid plants that occurred naturally 
have been observed at Beaumont, one during the winter of 1940-41 
and the other during the winter of 1942-43. The diploid-sectors were 
separated from the haploid shoots and diploid plants with no evidence 
of haploid tissue were obtained. 

A gold-hulled haploid plant from the cross Rexoro X Kameji, on 
which four seeds were produced, was found in 1939. These seeds gave 
plants that were diploids, one of which had straw-colored hulls, prob- 
ably resulting from an outcross. 

In the winter of 1941-42, two seeds were produced on a Calady 
haploid plant grown in the greenhouse at Beltsville, Md. These seeds 
produced diploid plants similar in appearance to Calady. 

GROWTH CHARACTERISTICS OP CHROMOSOME GROUPS 

In 1941, the growth habits of tetraploid, diploid, and haploid plants 
of the Blue Rose and Caloro varieties were studied at Beauniont. 
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From plants of each. 'dirfEiiosome type grown in the greeriiouse dar- 
ing the winter, single shoots were transplanted in the field on May 27. 
A total .of ii to 23 shoots of each type was grown in rows .1 foot apart 
witli the plants spac^ecl. 12 inches apa,rt.. The data mcorded. are given 
in Table 3. 

Table ^,-—Effe€i of ckrnnwmme number on vegeiaiive am! seed cdniraclers 0} rice in 

ig4J al Beanmont, Tex, 


Cliromosonie 

groujj 


I IJatc i 
'"3 j ' first i 
^ I headed j 


I 2; 


Average per 
plant, niiniber 


■f m 


3.2 

0^ 


! m 
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^J^Mea-suromenti'i; based on ro Ktfedii per plafjt wliere .available; tijtberwise on rlH■^ number of 
seeds available. 

. tTen florets measured from each plant. 


Idle tciraploid and tri|)loid plants are not readitv distinguishable 
from diploid plants in the early vStage of growth. Later in the season, 
however, tetraploid plants develop rather thick coarse leaves of 
dai'ker green color than those of rliploid plants. 'Fhe Blue Rose and 
Caloro tetraploids do not tiller well at Beaumont, rarely producing 
more than two culms per plant (Table 3). The tetraploids also headed 
several days later, were shorter in stature, had coarser seeds with 
heavier glumes (often awned), and a much Iowxt fertility than dip- 
loid plants of these varieties. The triploid plants did not tiller so 
well, headed somewhat later, were slightly shorter, and had much 
coarser florets than the diploid plants. Except for an occasional seed, 
the triploids were entirely sterile. 

All organs of the haploid plants were much rediu.^ed in size as com- 
pared io diploid plants of the same varieties, ymd while the plants 
tillered well, they were entirely sterile. 

. . .SU.MMARy ' . 

^ Naturally occurring haploid and triploid plants that anose as muta- 
tions in varieties and hybrids at the Texas Agricultural Experiment 
Station No. 4, Beaumont, Tex., are reported. 

Twenty-six tetraploid and eight tetraploid-sector plants were ob- 
tained from seed produced on panicles of the Blue Rose and Caloro 
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varieties exposed, for certain periods, to low and high temperatures 
or a combination of both within 19 to 24 hours after blooming. 

Soaking Blue Rose seed in colchicine solutions produced three 
tetraploid plants in the second generation following treatment. 

Shoots of a haploid plant, untreated and treated in colchicine solu- 
tions, produced diploid and diploid-sector plants. Three cases in which 
haploid plants produced some seed are reported. 

Tetraploid and triploid Blue Rose and Caloro plants were not as 
tall, tillered less, were less fertile, and had coarser leaves and larger 
florets and seeds than diploid plants of these varieties ; whereas, the 
haploid plants were completely sterile and were shorter, tillered much 
more, and had finer leaves and culms and smaller florets than the 
diploids. 
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" HYBRID POPCORN^ 

Arthur M. Brunsox akd Geekk M, Smrif 

^LTHOUGH frec|Heiitiy referred 1:.o in wartime' as a nonessential : 

or semi-liixiiry crop, popcoiai is in reality one of the most ef- ' 
■ficieiit sources of human food in terms of usable calories produced ' 
per acre. It can be stored elieapiy for a period of years and is easily ' 
processed for iiiial consumptioiL Popcorn has long been a popular,' 
food and confection in the United States, both for home popping and ■ 
as sold by vendors. During the past 2' or 3 years consumption has 
increased very appreciably. 

During recent years the acreage devoted to producing the crop 
in the United States has fluctuated, in round nunibers, between: 
50,000 and 100,000 acres per year, or approximately 0.1% of the total ■ 
coni acreage of the country. Idlest of the commercial popcorn is grown ' 
ill the Corn Beltmvith. by far the largest center- of prod.uction located 
in western Iowa. 

Because of the overshadowing importance of dent corn in the 
agricultural ec;ononiy of the country, tlie possibiliti-es of improving 
popcorn have Been soniewliat neglected by plant breeders. The same 
principles and technics -used in liytirid dent corn l::)reeding , are ap- 
plicable, liowvAxat -and equal opportunities exist to impro've yield' 
and vStanding ability, with the added opportunities to improve pop- 
ping expansion, flavor, and tend,erness. It is the purpose of this paper 
to report cm some of the breeding work in p-ri:)gress and to present 
performanci* data of i-ertain popcorn hiBrids now in actual produc- 
tion. . , 

, CHARACTERS COHSIDERED 

, 111 a popcorn breeding project the interests of both the producer 
and consumer inust be considered, l^oducers are -priniarily interested 
in yield and standing ability, while the consumers main interest is 
popping expansion and quality. The 'eharaeters considered below 
■have' been grouped into these :trvo categories. :■ 

producer's CHARACTERS 

Yield ; — As in dent corn, it has been found possible to produce 
popcorn hybrids that materially outyield the better strains of open- 
pollinated varieties. ATelds of popcorn ordinarily are reported in 
pounds of ear corn per acre rather than in bushels per acre. 

Standing abiliiy . — ^Almost equally as important as ydeld from the 
producer's standpoint is the ability of the crop to stand well until 
harvest. This is pariiotilarly important with popcorn because of the 

^Contrifoatiou from the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Adniinistration, U. S. Dept, of Agriculture; Department of Agronomy, Kansas 
Agricultural Experiment Station, Manhatttin, Ivans.; and Department of Botany 
and Plant Pathology, Purdue University Agricultural Experiment Station, 
Lafayette, Ind. Journal iiaper no. 1B5 of the Purdue University Agricultural 
Experiment Station. Received for publication October 27, 1944. 

^Senior Agronomist and Associate Agronomist, respectively, Bureau of Plant 
Industry, vSoils, and Agricultural Engineering, Lafavette, Ind. 
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almost univexsal use of mechanical pickers with this crop, and be- 
cause of the serious effect on quality when ears lie on the ground. 
Stalks which lean 30"" or more, or are broken below the ear at harvest 
time, are reported, as lodged. 

Resistance to disease and insects. — In addition to the usual hazards 
to the corn crop in general, diseases and insects are of particular im- 
portance to popcorn because of their effect on the quality of the crop. 
They not only reduce yield but also lower popping expansion and 
introduce oft'-flavors. Ear rots and stalk rots are probably most im- 
portant of the diseases ; European corn borer and corn ear worm of 
the insects. No outstanding disease and insect resistance differences 
between the hybrids and the open-pollinated varieties have been 
noted, but in these respects all hybrids reported in this paper are at 
least as good as the varieties in trials to date. 

consumer’s characters 

Popping expansion . — Popping expansion is of the utmost im- 
portance to the vendor or large commercial popper. The term refers 
to the volume of popped corn obtained from a unit volume of uii- 
popped corn and is expressed as the volume ratio of popped to uii- 
popped corn. An expansion of 18-20 is considered fair, 21-26 good, 
and 27 or above excellent. Popcorn purchased at grocery stores 
usually shows an expansion of 20 or below. 

The details of the method used in determining the expansion of 
popeoni vary with different growers and manufacturers, causing 
considerable confusion in the trade. Differences may be due to the 
method of popping the corn, the shape and size of the containers, 
the degree of packing the popped corn before reading the volume, 
-and to other variables. In order to establish a standard means of 
comparing different samples, the machine shown in Fig. i was de- 
signed and installed at the Purdue University Agricultural Experi- 
ment Station. It consists of a small commercial electric popper 
mounted on a metal frame. The popper empties into a sheet metal 
hopper which leads to a metal tube 4 inches in diameter and 42 inches 
long, directly underneath. This tube has a 2-inch glass window, so 
calibrated that the volume of the popped corn may be read directly 
in expansion units. In making a popping test the popper is first 
brought to operating temperature, a 200 cc sample of ‘‘raw” com is 
placed in the popper, the stimng mechanism started, and 20 cc of 
popcorn dressing added. Popping begins in approximately i minute 
-and is allowed to continue until it ceases. The corn is then dumped 
into the hopper, falls into the tube, and the expansion is read directly 
from figures on the glass window. For small quantities, and especially 
for testing individuar ears, a 2S-cc sample is used. In order to avoid 
overheating with small samples, a variable transformer is introduced 
into the line leading to the heating element of the popper. The smaller 
sample also requires the iise of a smaller measuring tube and a re- 
ducing funnel over the hopper opening. 

Tenderness.--— PoTtnnatelY this character tends to accompany high 
■expansion. Tastes vary, but most people prefer the more tender 
types which “melt in the mouth.” In the more desirable types not 
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only is the main portion of the popped kernel tender but there 
absence of hard cdie at the base. 
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Htills, '—Clos.ely associated. with tendenicss^uVphe popular piind 
is the absence of objectionable- hulls.' The so-c^lfefl ‘iiulless’’ varieties 
are not actually hulless but haye a which readily 

disintegrates in the month. ’ * 

Flavor.— There is a surprising variation in flavor of various strains 
of popcorn when eaten without seasoning. There is a range from 
those wdth no flavor at all to those with a distinctly sweet pleasant 
flavor on one hand, or to those with a strong disagreeable flavor on 
the other hand. By selection of inbred lines it is possible to eliniinate 
undesirable flavors from resulting hybrids. 

Kernel shape . — Popped kernels may be of two general shapes, 
viB., the mushroom type w^hich puffs up to a distinctly globular form, 
and the butterfly type which turns inside out when it explodes. A 
considerable proportion of the globular or mushroom kernels in 
popped samples is characteristic of the South American variety and 
of hybrids which have originated from it. 

Color . — All yellow popcorn when popped is distinct^ cream 
colored compared to the chalky white of white varieties. In addition 
to this diffused endosperm color, some strains have a distinct flecking 
or mottling of deep yellow^ on the outside of the popped kernels. 
This character is usually most pronounced in strains which tend to 
have a mushroom kernel. Inbred lines and the hybrids produced 
from them differ widely in the amount of mottling on the popped 
kernels. 

PREVIOUS WORK 


In 1935, the Minnesota Agricultural Experiment Station intro- 
duced the first commercial hybrid popcorn. This hybrid, Minhybrid 
250, a small-kerneled, small-eared variety of the \vhite Imiless type, 
was reported to have 1 6% higher yield and 29% higher popping 
expansion than the open-pollinated Hulless used as a check. Its adap- 
tation seems to be limited to the northern edge of the Corn Belt. In 
the main popcorn-producing area it is unsatisfactory in yield and 
standing ability, and never has been widely popular. 


CURRENT INVESTIGATIONS 


A number of lines of yellow popcorn in the early stages of inbreed- 
ing were brought from Arlington, Va., to Manhattan, Kans., 1111925 
by J. G. Willier, then with the Bureau of Plant Industry. Further 
inbreeding and trial crossing gave hybrids with outstanding advan- 
tages in yield, and lodging resistance but of very mediocre quality. 
The original inbred lines were discarded and a fresh start made with 
material carefully selected for good quality and high popping ex- 
pansion. 

Supergold, a yellow pearl variety, mass-selected for high expansion 
over a period of several years by the Kansas Agricultural Experi- 
ment Station in cooperation with the Bureau of Plant Industry, Soils, 
and Agricultural Engineering, and an especially good strain of South 
American grown by H. W. Spear of Olathe, Kans., were used as the 
foundation material. In each case a large number of ears, field-selected 
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from the staiiditig plants in. the fall were popped individually and 
only a few of the best saved tor, starting inbred lines. During the first 
few years of inlireediiig these lines wem further selected on the basis 
of popping tests- as wellms for general agronoiiiic characters. After 
4 years of inbreeding, trial crosses indicated that some very promis- 
ing h:ybrid.s were possilde on the. basis ot both field performance and 
quality of the proclu,ce. 

The above work was carried on at tlie Kansas Agricultural Ex- 
perimeait Station CTK:43erating Yvitirtlie Bureau .of Plant Iiidustryj 
Soils, and ' Agricultural Engineering, at Aianhattan, Kans.,. where 
the severe droughts of. i93.0““36 seriously retarded the progress of 
the breeding project. In 193-8, tlie niaterial was brought to Lafayette, 
Ind., where the trials reported' telo'W have been carried on coopera- 
t-ively by the Purdue 'University Agri.C'ultuiTil i'fxpcninient Station 
and the U. S. Dept, of Agriculture. Perforiiiance t-rials of all possible 
combinations of groups of inbred lin-es have eliniiiia-ted many lines 
so that com,niei*cial production at. the present time, is leased on only 
four vSupergold lines, Sgi6, Sgi8, Sg3oA, and Sg32, and one-vSouth 
American line, SA24, The hybrids for which the data below’- are 
given are all produced from these five inbred lines. .H\d3rids numbered 
from "i to 6 are single crosses iiivolving one Siipergold and one South 
American line; those numbered from 20 to 23 are single crosses in- 
volving ttvo Supergold lines; and those inuribenTi 3 i: to 38 a, re three- 
way crosses. Pedigrees of hybrids for which performance data are 
given are as follows: 


Purdue i or K-i’'' 
Purdue 2 or K-2*^' 
Purdue 3 
, Purdue 6 or 

Purdue 20 
Purdue 22 
Purdue 23 

Purdue 31 
Pux-due 32 or K-4'^ 
Pirrdue 38 


Sgi6 X SA24 
SgiSXSA 24 
Sg32 X SAa4 
Sg3oA X SA24 

Sg3cA X Sgi8 
■Sgif) X Sgi8 
Sg32 X SgxB 

(Sgi6 X Sg,i8) X SA24 
(Sg3oA,X Sgi8) X SA24 
(Sg32 X Sgi6) X SA24 


'^'Designations used by the ICansas Agricultural Experiment Station* 

The Purdue popcorn hybrids in commercial production at the 
present time are all single crosses or three-way crosses. This is more 
feasible with popcorn than with dent corn, since popcorn inbred 
lines are relatively more vigorous and easier to propagate than those 
of dent corn and because seed gividing problems of popcorn single 
crosses are less troublesome than with dent corn. Of the original 
South American inbred lines, all except SA24 have been discarded be- 
cause of mediocre quality. A newsgroup of South American inbreds 
from highly selected material is being tested at the present time wdth 
very promising results to date. It seems likely that double crosses will 
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eventually supplant single and three-way crosses when satisfactor}^ 
combinations have been obtained because of greater economy of 
vSeed production. 

PERFORMANCE TRIALS 

Of the many popcorn hybrids tested/the performance trials of 
those in commercial production and two others showing distinct 
promise are summarized in Table i. The results shown were obtained 
on moderately productive land at Lafayette, Ind., during the un- 
usually favorable seasons of 1941-43. Five replications of 2 X 10 
hill plots spaced 36 X 36 inches were used. The fertilizer treatment 
consisted of 1 50 pounds per acre of o~i 2~i 2 fertilizer drilled in the row 
at planting time. The plots were all thinned to a uniforni. stand of 
two plants per hill. Harvesting was done late each year, at which 
time the corn was uniformly dried nearly to, or entirely to, popping 
condition. 

At harvest time representative ear samples were saved from each 
plot and hung in onion bags in an untreated, well-ventilated attic 
until they had reached optimum popping condition. (Too rapid 
drying in mechanical driers may impair the popping quality.) The 
samples were then shelled and duplicate popping trials run on each 
sample. 


Table i. — Performance trials of Purdue popcorn hybrids at Lafayette, Ind., 

194 ^- 43 ^ 


Hybrid or 
open-polli- 
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Acre yield of eai 
lbs. 

corn, 
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b . 

0 
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ssi 
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C 1 .J 

53 

-p. . 
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1941 
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Aver- 
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1941 

1942 

i 943 

0,' 

53 

. > 

< 

Purdue i 

3,170 

5,075 

0^ 

00 

0 

0 

4,015 

28.2 

28.5 

28.5 

28.4 

2 

2 

10 

4.1 

Purdue 2 

2,905 

4,755 

— 

3 , 830 ” 

30.5 

30.5 

30.5 

30-5 

4 

1 

6 

4.0 

Purdue 3 

3.000 

5,050 

3,940 

3,997 

25.5 

25,0 

25.0 

25.2 

3 

4 , 

7 

4.4 

Purdue 6 

2,515 

5,245 

5,075 

4,278 

27.0 

27.0 

27. G 

27.0 

1 

3 

5 

4 o 

South American 

2 ,OSo 

3.095 

2,575 

2,583 

23.0 

23..S 

23.0 

23.2 

5 

5 

25 

3.0 

Sig. dif . ....... 

633 

526 

620 










Purdue 31 .... . 

4,330 

5,000 

4,440 

4,590 

27.0 

27.0 

27.0 

27.0 

2 

1 

4 

3.8 

Purdue 32 , 

3.605 

4,390 

3,865 

3,953 

25.5 

26.0 

26.0 

2 5.8 

3 

2 

3 

4.2 

Purdue 38 .... . 

4,720 

4,660 

4,590 

4,657 

25.5 

25.0 

25.0 

25.2 

1 

3 

4 

3.Q 

South American 

2,755 

2,975 

2,575 

2,768 

23.0 

23.5 

23.0 

2 3.2 

4 

4 

25 

vJ y 

3-0 

Sig. dif . ....... 

631 

383 

620 










Purdue 20 .... . 

3,195 

3,660 

3,425 

3.427 

32.7 

33-0 

32.5 

32-7 

3 

f 

6 

2.9 ■ 

Purdue 22 .... . 

3,945 

'4,195 

3,985 

4,042 

30.5 

30.0 

30.0 

30.2 

I , 

2 

9 

2.8 ' 

Purdue 23 . . . . . 

3,750 

4,145 

3,.530 

3,So8 

28,2 

28.0 

28.0 

28, 1 

'2 

3 

1 1 

'A.2 

Supergold . . v . . 

3,035 

3 , 4 f >5 

2,850 

3,117 

28.0 

27.5 

27.5 

27.7 

4 

4 

18 

2.7 

Sig. dif, ....... 
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*Based oii 


•year average. 



pullulated Varieties with whirl} t Si,’l' ^ the open 

, years tested. Avera*.e in earh of t o - 

period nrnged from t "‘f S V"' for tie 3 5 ^ 

i«- «a mmmendal prodnction pim^ 

" ' I'iKfoyieldiu.., ahiii, " pi •.•'•foirnied those 

ublainod in hvbrids Ijetv.'een SviixieoJd ! ‘q*:’ ■'’- '"ids have tieon 

fornf ^'‘Pergoli.1 nor r>!ir(> frintl/X,' irw”^ * foiienoan parents, 
onnd whudi possess the vivor n/vfrtrh'u^ ’hVfr'Jds have been 
Hibieds i>i both varietie?? In ^^yM.ds from 

fc'upergold inbred lines or si-Kde r sucli Ipybrids the 

parents and tire SotttlV Ynti dM i-'^ «« the seed 

ESSef'e fertilfration ^ f S 

''”COTo“*ta 'tk™ i'"i"’ »i»'- 

” ''■ "’ “ ytE 


cAioiisive tests 1 - , 7..: lo prcmd 

J42, comniercial seed of Piirdn * ’ ^-‘™ditions. Begin ning vidt 

faced by the AgAul^ &; «’?' ‘’i’'”* !>» ta.t pS 

rurdue University Agricultural pI ^- agent of th^ 

the Kansas I” Edition 

has produced som< 

i— __ forands seed produced 

' /Year ^ 

Agr. Alumni I , / ' 

bxp. sStu. Seed Inio bi<nsas Agr. 

A.s,soe. ■ foxp. Sta. ( lotal 


*"* 1,900 

r 6 ,oDo 5700 

.. 53,000 1^,350 

-^•Asa? Abo;KS,„ 



BRUNSON AND SMITH: HYBRID POPCORN 183 

commercial hybrid popcorn seed during the past 3 years. A record 
of total seed production to date is given in Table 2. 

Even though seed production has been approximately trebled 
every year, the demand has outrun the supply each year to date; 
The amount of seed required to plant an, acre depends on the kernel 
size of the seed parent, but will average about 4 pounds. On this 
basis it can be seen that Purdue hybrids already represent an ap- 
preciable proportion of the popcorn acreage of the country. 


i84 


JO V R AL' OF 'r i-i E A ER ! i:; AN FOi'I ET Y' ■ C)'F ■ AGRONOMY 



FREQUENCY OF ABORTED POLLEN GRAINS AND 
MICROCYTES IN GUAYULE, PAimiENIUM ' 
ARGENTATUMmM^ 

LeRoy Powers and Eldon J. Gardner- 

U S’UAI.>I.Y ('(jnsiderahl}' less tliaTV5oP() of iIk' i-on'inu'n’ia,l seed of 
giiaytiie is viable, HeiK,*e, any infonnation pertaining to’ the 
ea,uses,foF ibis coii]|;)arati\ady low pcrcerilage of \aa,l;>le seed is of 
value in breeding this crop. For tliat reasoin studies on the percentage 
of aborted; pollen grains and ■ frequency of niicroi’yt.es (for definition 
of term see Belling and Blakesl.ee (ip) wv'i*e made for collections of 
guayule, Partheninni argeirlaiimi Gray. Since the collections repro- 
ducing up<:tn:uctically are |:}seudogaiTious (5) , the inforniatioii derived 
from 'such studies should facilitate the iiiiproveiiient of these forms 
also. 

AlATIGtlAL AND .METHODS 



The eollet'tior.s ein]>lovi '(1 in tins sindy were yrtnvn from seed oUtained from 
naUjral popnhuions gnnviny in Mexico and tin? I'ransH'-W'os Area oi Texas, The 
Mexien rullciAietns were made Ly Powers anCj ilu‘vsi> from the fi'ratts-Peeos Region 
by Powers and Peilerer. d’fte eommen-iai varieties were, nvovnt fnnvi seed taken 
from the same lots as those \tscd in plandiny the etjmnseo'ial tselds. The empty 
ptCilen grains and those sltowing dehihte dasiutegratiim of trie i-ytoplasm were 
elassed as alnnted. Pollen grains Inning diameters less flian 13.0 miarons w'ere 
elasseti as miaroi’vtes. In tite ea.st* rA aborted the frtap.tcney recorded was 

the niimbi't' in too full size pollen grains |.)er |)]ant and henee is the pOTcentage 
also; whereas, tlie inieroeytes reeorded are the innnbtr among these same 100 
ftiibsi/e pi.>llen graii.ts. and therefore .are not a, iterreiilage. 

In staining the [jollen for ei.-issiiiealion as to abortetl pollen grains and micro- 
eyt.es, Watkin’s eotion bhte-laelo.-plienol method as given by (3) was used. 

Tile seed was planted in the greenlioitse h'ebrnary n, 1043, '‘spotted emt” 
Mareh 8, artd trans|:»lrjnied into iht' rieid at Salittas, Calif., on June 8 of tlie same 
year. Ait(?r '‘s})f)Uing out" there were 72 ]ihints per stamlard greeidionse flat. 
Tlie desigri of the experiment wa.s tlie same for grevathoiise a.ral iield and was a 
7X7 lattk'e stpiared with K T i re|,)Urates. Heraag there were 44 variates and 
8 retilieates, Fonr of the 49 variates were dnpliivites. The individua .1 plot was 
4 plants by 3 plants, making a total of 12 plants per plot. Dne liundred pollen 
grains were examined per plant and the pollen wais collected on the basis of 
replications so as to control any dilterences due to time of collection. The plants 
in the field ivere spaced 4 feet apart; in the f’ows and the rows were 4 feet apai't. 

The analysis of variance was used in anahving the data for testing significance 
of differences between means. Since the smallest average percentage of aborted 
pollen for any collection vvas not below 15 and for most collections was 18 or 
above, and since the bet\veen~pk)t variances for the dilTerent colleidions were 
homogeneoiis, transformation of the data was not necessarm Because the ma jority* 
of the values for mit;rocytes were below 10, the transformation, \/ 'X T 0.5, was 
u.sed in analysing the data for testing the significaiK'e of differett.:es between 



means for number of mit'rocyles amt->ng too ]>ollen gp'ains. X is the oViscrved 
number. In valeulating the variances the observed values for both c.liaracters 
were used rather than any traiisformation of them. Tlte following were employed 

TA>ntributiou from Guayule Research Project, U. S. Dcpl. of Agriculture, Agri- 
cultural -Research Administration^ Bureau of Plant Tmiustry, vSoils, and Agri- 
cultural Engineering, Saliiais, Calif. Received for publication October 28, 1944. 

'Th-inciptal Geneticist and Assistant Geneticist, respectively. The authors wish 
to express their appreciation to Dr. A. D. BergTier for the chromosome-number 
deteraiiinations. 

^Figures in the parenthesis refer to ‘‘Literature Cited”, p. 193. 
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in deteiTnining the significance of dift'erences: For means, the “t test''; for vari- 
ances, Bartlett's test for homogeneity of variances; and for frequency distribu- 
tions, Chi-square. Differences giving odds as great as or greater than 19:1 against 
the deviations noted being attributable to chance were considered as statistically 
significant. Any differences discussed in the remainder of this article have been 
tested by one of the methods listed above, and unless otherwise stated have been 
found statistically significant. 

More detailed information concerning the variances to be discussed later is 
essential to a logical interpretation of them. In analyzing the data the normal 
and aberrant classification (for a description of these two classes see Powders 
and Rollins (5)) was taken into aecount. The variances listed in Table 1 are the 
withiii-plot variances for the normal plants and are for a single determination. 
By so calculating the variances the majority of the variability due to differences 
between collections was removed. Some of the more obvious factors contributing 
to differences between collections are method of reproduction, chx'oiiiosome 
number, type of selection practiced, location, and type of plant (normal or 
aben*ant). The degrees of freedom listed in Table i are for the variances given 
in that same table. 


EXPERIMENTAL DATA 


The experimental data for the means and. within-plot variances 
for percentage of aborted pollen grains and number of microcytes 
among 100 pollen grains are given in Table i. The data in this table 
are further classified according to (a) method of reproduction (am- 
phimixis or apomixis) ; (b) location from which the seed was collected ; 
(c) type of plant (better type guayule plants and intermediate type 
guayule plants);^ (d) commercial variety; (e) collection; (f) chromo- 
some number; and (g) the type of selection practiced, if any, at the 
time the seed was collected. The experimental data for percentage 
of aborted pollen grains and number of microcytes will be analysed 
on the basis of the associations revealed by this classification. In 
considering mean percentage of aborted pollen and the variances for 
this character, the first five classes will be discussed together and the 
last two separately, 


ABORTED POLLEN 


METHOD OF REPRODUCTION, LOCATION, TYPE OF PLANT, VARIETY, 
AND COLLECTION 


The mean percentages of aborted pollen grains are given in the 
fifth column of Table i. The range in expression of this character 
for the plants reproducing by means of amphimixis is from 15 to 29% 
and for the better type guayule plants (those showing fewer chaimc- 
teristics of mariola as compared with the intermediate type plants) 
reproducing by means of facultative apomixis is from 16 to 34%. 
Thus, it is evident that the important diffei'ences are not between 
methods of reproduction but are within these two broad classes. In 
addition, it can be seen from the data of Table i that the variances 
are considerably larger for those collections reproducing by means 
of amphimixis. Since the variances are the ‘"within-plot” variances, 
this shows, as might be expected, that the variability between plantvS 
IS greater for the colleetions reproducing anlphimictically than it is 


V. ^ description of these two types of P. argentatwm. It shouh 

pknts^ bloyd uses P. Lloydii Bartlett to designate the intermediate typ 
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Tabl.e I . — The mmns and wiikin-plot mriances far percentuge of almted polhn 
grains mid for mimheY of microcytes mrtmig 100 ptdkn grams. 
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^Individual plant selection. 
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Leon is higher than the variances of the facultative-apomictic col- 
lections from Durango. The variances for the intermediate type 
plants, the coniinercial varieties, the 02 ranch, and for the first two 
collections of Tesnus are higher than the variances for Santiago Peak, 
Wyatt ranch, Neal ranch, Balmorhea, and Fort Stockton. Differences 
exist between variances of collections within the following locations: 
Shafter, Plata, Bh-esno Canyon, and Tesnus. 

The following conclusions can be drawn from these facts: Differ- 
ences between locations for these within-plot variances show that 
guayule F. argentatimt, is a heterogeneous species in respect to per- 
centage of aborted pollen grains. Differences between collections as 
to “within-plot” variances prove that not only does heterogeneity 
exist in respect to collections within locations but also in respect to 
plants of the same collection. It remains to determine whether indi- 
vidual plants are heterozygous. The evidence is iiidmect but con- 
clusive. Powers and Rollins (5) have shown that a certain proportion 
of the progeny from these apomictic collections arises as a result of 
normal sexuality (reduction followed by fertilization) and that cross- 
fertilization is common in guayule. Since, as has been shown, some of 
the collections are heterogeneous, then it folloW'S that cx'oss-fertiliza- 
tion would cause at least some of the sexually reproduced plants to 
be heterozygous. Consequently, some of the variability of these 
facultative-apomictic collections is due to heterozygosity. However, 
it seems that in most of them plant heterozygosity would account 
for only a minor proportion of the immediate variability. Neverthe- 
less, this source of variability undoubtedly is of considerable impor- 
tance from the standpoint of evolution and hence plant breeding also. 

CHROMOSOME NUMBER , 

Likewise, information concerning the association between differ- 
ences in percentage of aborted pollen grains and chromosome number 
can be obtained from the data of Table i. The chromosome numbers 
36+, 54dr, and 72^ occur for different collections of guajule (2^ 7). 

As regards the 36+- and 72 zh -chromosome groups, the x'anges in 
mean percentage of aborted pollen grains overlap to such an extent 
(Table r) as to make questionable the reliability of any conclusion 
that may be drawn from a comparison of them. However, such 
is not true of the vaxiances. In genexul, the collections of the 36+- 
chromosome group possess variances exceeding those of the col- 
lections possessing 72 Hz chromosomes. Since all collections of the 
36+-(:dwornosoxne gTOUp primarily by means of amphi- 

mixis and those of the 72zh -eh!x>mosome group by means of faculta- 
tive-apomixis, it seems that the differences noted in size of variances 
are directly attributable to the method of repi'oduction rather than 
chromosome number. 

The mean percentage of aborted pollen for the 54zlz-chromosome 
group is somewhat greater than the mean percentage of aborted 
pollen for either of the other two groups. Hence, the question arises 
as to whether this can be attributed solely to diffei'ences in chromo- 
some number. With respect to the 36+- and the 72 zt -chromosome 
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groups the 54 dr group represents the 3n condition (7) and therefore 
might be expected to have a higher percentage of aborted pollen 
due to meiotic irregularity. Such being the case it is difficult to ex- 
plain why collections Nos. 4263 and 4265 have a mean percentage of 
aborted pollen only slightly greater than the 36+-chromosome gn^up 
and the 7 2 dr -chromosome collections of the better guayule type from 
Mexico and the Trans-Pecos Area of Texas; whereas, collection No. 
4257 has a considerably greater percentage, 34, of aborted pollen 
grains. It could be that a few exceptional individuals were responsible 
for the higher percentage of aborted pollen for collection No, 4257. 
The small variance of this collection indicates that such was not the 
case. 

To provide further information the plant frequency distributions 
for percentage of aborted pollen grains of representative 36+-, 72=^“, 
and 54 db -chromosome collections are given in Table 2, Chi-square 
tests applied to the data given in this table show that there are four 
distinct frequency distributions among the five collections listed only 
those of No. 4265 and No. 4263 being nondistinguishable from each 
other. Here it should be noted that the extreme deviate (85% aborted 
pollen) of No, 4263 is an interspecific hybrid involving P. incanum 
(mariola). If chromosome number was the sole cause of variability, 
only three distinct frequency distributions would be expected. It is 
evident from an examination of these distributions that the differences 
between the frequency distribution of collection No. 4257 and those 
of the other two 54 zb -chromosome collections cannot be attributed 
to a few extreme individuals of No. 4257. 


Table 2 . — Plant frequency distribution for percentage of a bar led pollen grains of 

and f4±: chronioso??ie collections. 
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Before proceeding further with the analysis, the histories of col- 
lection Nos. 4235 and 4257 and the possible relationship between 
the two should be given, because together they furnish a vei^y plau- 
sible explanation as to why the mean percentage of aborted pollen 
grains is high (comparatively speaking) for No. 4257. These collec- 
tions are from the same natural population which was growing in a 
valley at the foot of limestone hills a few miles northeast of Santa 
Librada. Collection No. 4255 was grown from a random nonselected 
seed sample, whereas collection No. 4257 was grown from seed col- 
lected from an individual plant. Collection No. 4258 (not included 
in this experiment) is the progeny from an individual plant selection 
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of this same natural population and it has 7 adz chromosomes. Hence, 
this natural population is composed of 36+-, 54^-, and 72 ± “'Chro- 
mosome plants. Both No. 4257 and N0.7425S reproduce by means of 
facultative apomixis. It may be that No. 4257 represents a natural 
hybrid between a 3 6+ -chromosome plant and a 72±-chrornosome 
plant fnun this area, a 3 6 + -eliromosome plant being the female parent. 
The chromosome number was counted for only nine plants of collec- 
tion No. 4255; but all of these nine had 36+ clironiosomes. That 
other plants of this collection may have 54^- and 72dz chromosomes 
is probable. Hence, it seems that No, 4257 may be a natural hybrid 
as suggested above. If such were the case, the high percentage of 
aborted pollen grains as conipared with Nos. 4265 and 4263 is due 
to the bringing together of certain genetic complexes by intraspecific 
hybridization rather than to differences in chromosome number. 

Further information concerning the relative importance of chromo- 
some iiiunber in determining the percentage of al3orted pollen grains 
can be obtained by studying the collections of the 7 2 dr -chromosome 
group. The means of the intennediate type plants from Fort Stockton 
and Shafter are considerably higher than the means of the better 
type guayiile plants from these same loc'ations. The intermediate 
type plants from Sanderson have the highest mean pei'centage of 
aborted pollen of any location. Collection No. 42261 is composed of 
both types of plants and therefore provides an opportunit}^ for 
comparing types from one natural population. T'he better guayiile 
type plants averaged 20% of aborted pollen grains, wliereas the inter- 
mediate type plants averaged 34%. The greater percentage of aborted 
pollen grains of these intermediate type pkmts might be attributed 
to the iutrogression of mariola, P, incammt, chromosonies or part of 
chromosomes. Rollins (6) has shown that mariola has played some 
part in the origin of these interniediate type plants. Here again 
hybridization played an important part in determining the percentage 
of aborted pollen grains by allowing the combining of certain gene 
complexes. In this case interspecific hybridization and further cross- 
ing of the progeny with plants of P, argeniatum undoubtedly took 
place. This further hybridization could account also for the differences 
noted between collections of intermediate type plants. That the 
commercial varieties are uniform^ higher in mean percentage of 
aborted pollen grains than the better type guayule plants of the 72 dr- 
chromosome group furnishes additianal evi&nce that number of 
chromosomes is not the predominating factor in determining the 
percentage of aborted pollen grains produced by a plant or collection. 

TYPE OF SELECTION PRACTICED 

In making the selections from natural populations the penxmtage 
of aborted pollen grains was not determined and hence selection 
taking this character into consideration could not be practiced. The 
characters considered in making the individual plant and mass se- 
lections were size of plant, vigor of plant, freedom from dead or dis- 
eased appearing branches, and proportion of bark to wood. In case 
of the better guayule type plants characteristics of mariola were 
avoided. 
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The data will be examined to determine what effect, if any, select- 
ing on tlie basis of the characters listed above had on the mean per., 
centage of aborted pollen and the variability (variances) of this 
character. Collection No. 4253. which is the progeny from an indi- 
vidual plant, is higher in mean percentage of aborted pollen and is 
more variable than the progenies of the nonselected samples, collec- 
tions No. 4250 and 4251, and the mass selection No. 4254. The reverse 
is true for the same comparisons involving the individual plant 
selections, the random sample .(nonselected) and mass selections 
from Tesnus. The progeny of the mass selection from Shafter was 
more variable than the progeny of the nonselected collection from 
the same location; whereas the reverse was true of the same compari- 
sons for the seed collected from Plata and Fresno Canyon. The in- 
consistency of the results shows that selection as practiced had no 
general effect on the means or variances for percentage of aborted 
pollen grains. However, the differences noted between the progenies 
of selected or nonselected collections prove that the material is' 
highly heterogeneous and that at least some of the plants are highly 
heterozygous for the gene pairs differentiating percentage of aborted 
pollen grains. 


NUMBER OP MICROCYTES 


On the basis of number of microcytes the classifications in Table i 
rank in the following ascending order: Amphimixis and 36+ chromo- 
somes, commercial varieties, southern Trans-Pecos Area of Texas, 
northern Trans-Pecos Area of Texas, 54±-chromosome group, and 
intermediate type plants. The most logical interpretation of these 
associations is that amphimixis and the low chromosome number 
of the 36-1— chi-omosome group are the most dominant factors in 
determining whether a given collection shall have a low percentage 
of microcytes. The somewhat higher mean percentage of microcytes 
of the facultative-apomictic 54±-chromosome collections as compared 
with the 7 2 ± -chromosome collections may be due to the fact that they 
represent the 311 condition as compared with the ad-f -anA 72 i- 
chromosome groups. Stebbins and Kodani (7) believe that the basic 
number of chromosomes (lx) is 9 for Parthenium argentatmn. The high 
percentage of microcytes for the intermediate type plants probably 
is due to the introgression of inariola (P. incanmn) chromosomes or 
parts of chromosomes. The range within the intermediate type, plants 
is from 7.2 to 16.1%, showing that these collections form" a hetero- 
geneous group and that, the gene complexes within this group are 
important factors in determining the percentage of microcytes 
formed by a plant or collection. 

With the exception of the inteimediate type platits the differences 
between collections within locations and between locations within 
the foregoing classes are so minor as not to merit further considera- 
tion. Also, there are no significant differences that can be attributed 
to any general effect of the t3rpes of selection practiced. ' 

The large variances of the s4±-chromosome collections, of those 
possessing intermediate type plants, and of collection Nos. 4259 
and 4225 s show that the plants of these collections form a hetero- 
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geneotis group. This fact would lead one to suspect that individual 
■plant selection, within collections Nos. 4259 a;iid, 42255 might lead to 
the productiou of 72±“Chromosooie strains having a lower mean 
ninnber of microcytes than any 72iK:hrc)mosorne strain now avail- 
able. 

The frequency distriliutions for number of microcytes for the 54^:- 
chromosome collections and for representative col lend ions of the 36+- 
and 7 2 dr -chromosome groups are gi ven in Table 3, I'he greatest 
variability is encountered in the 5 4 rb “Chromosome group. The fre- 
quency distributions for Nos. 4263 and 4257 are not significantly 
different but that for No. 4265 as deterniined by the X- test is quite 
different from the other two. I\lore individuals occur in the lower 
classes of this collection. This shows that selection within this collec- 
tion would almost certainly result in strains with a decidedly lower 
number of microcytes. 
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A joint comparison of the frequency dislribut.ions of the 54di- 
chromosome collections given in Tables 2 and 3 is informative. Chi 
square, tests show that the frequency distributions of collection 
Nos. 4265 and 4263 given in Tabic 2 are nondistinguishable, but 
that the frequency distribution of No, 4257 is different from the other 
two; whereas the frequency distributions of collection Nos. 4263 
and 4257 are nondistinguishable in Table 3 but that of No, 4265 is 
different from the other tw^'o. This shows that Nos. 4265 and 4263 
have similar genetic complexes as regards the percentage" of aborted 
pollen grains but different complexes as regards frequency of micro- 
cytes and that the reverse is true as regards the same comparison 
for Nos. 4263 and 4257. This proves that the 54 d:; -chromosome col- 
lections fonn a heterogeneous group as regards both percentage of 
aborted pollen gi'ains and number of microcytes. 

SUMMARY AND CONCLUSION 

Guayule, P, argentaium, possesses considerable genetic variability 
as to percentage of aborted pollen grains and frequency of microcytes. 
Both heterogeneity and heterozygosity w^ere found to be important 
factors in determining variability. For mean percentage of aborted 
pollen grains the genetic variability is great within the classes based 
on the following; Method of reproduction, chromosome number, 
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location, type of plant, region of Trans-Pecos Area of Texas, and 
collection. The same was not true for mean number of microcytes 
in respect to amphimixis, the 36+- and 54 zb -chromosome groups, 
location, and region of Trans-Pecos Area of Texas; but was true as 
regards facultative apomixis, the 72±-chromosome group, type of 
plant, and location. This shows that selection as a method of breeding 
would be very effective in respect to both characters, and further, 
it shows within which classes the most rapid progress can be made. 

The fact that natural hybridization played such an important part 
in bxinging about and maintaining variability proves that much can 
be accomplished by the hybridization method of breeding. 
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THE EFFECT OF MOISTURE STRESS OW NURSERY-GROWIf 
GUAYGLE WITH RESPECT TO THE AMODHT AND 
TYPE OF GROWTH AND GROWTH RESPONSE 
ON TRANSPLANTING-^ 

' Omer J. Kelley, Albert S. Hunter, and Clinton H. Hobbs- 

I N THE production of any crop it is of considerable interest to 
know the effect of moisture stress on the amount and type of 
growth produced. This is particularly true for plants such as guayule, 
Parthenmm argentatum Gray, which are grown in irrigated nurseries 
for later transplanting to field sites. In the ease of such plants, the 
moisture stresses under which they are grown not only affect the 
amount and type of growth of the nursery stock but may also affect 
the survival and the time required for resumption of grmvth after 
the plants are set in the field. 

There is some disagreement in the literature as to the importance, 
in relation to plant growth, of soil nK.iisture held at tensions or 
stresses beloiv the wilting coefficient (i, 3, 4, 6, 8, 9, 12, 13, 14, 15, 
24, 26, 32, 33).’^ Several investigators have reported that continu- 
ously maintained low moisture stresses gave growth increases for vari- 
ous crops; others haxx^ held to the view that plants gnnv eqiudly well 
over the range of moisture stresses between the field caipacity and 
the wilting point. 

Very few references to the growth tuid survival after transplanting 
of woody plants grown in the nursery under varying degrees of 
moisture stress are to be found in the literature. vShirley and Meuli 
(27) reported that the drought resistance and survival of trans- 
planted conifer seedlings were affected by the moisture cmiditions 
under whicli they had been gremvn in the nursery, growth under 
conditions of low soil moistmre resulting in increased ability to sur- 
vive. George (10) stated that nursery stock grown under dry land 
conditions produced better hardwmod nursery stock for tree plant- 
ings in the Great Plains area than plants growai with irrigation. The 
literature is particularly lacking in references to guayule culture. The 
unpublished data and records of the Intercontinental Rubber Com- 
pany (16) are the principal sources of information. 

It has been the normal practice to grow guayule seedlings in the 
nursery and, after they reach some arbitor^^ vSize, to subject them to a 
“hardening off’* process and transplant them into the field. With 
this type of culture it is of primary importance to produce nursery 
stock which will survive transplanting and resume growth quickly. 

When investigations on guayule wei'c undertaken by the Emer- 
gency Rubber Project, the exact type of plant and treatment needed 


^Contribution from Special Guayule Research Projec^t, Bureau of Plant In- 
dustry, Soils and Agricultural Engineering, Agricultural Re>search AdininistrU' 
tion, U. S. Dept, of Agriculture, Salinas, Calif. Received for publication Novem 
her 4, 1944. 

^Soils Technologist, Associate Soils Technologist, and Assistant Plant Physi- 
ologist, respectively. 

^Figures in parenthesis refer to “Literature Cited”, p. 214, 
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for maximum survival and rapid rejuvenation of growth were not 
known. It rvas evident, therefore, that there were several soil moisture 
problems which needed to be studied, among the more important 
of which were (a) Under what moisture stress range should guayule 
nursery stock be grown for maximum survival and most rapid re- 
sumption of growth upon transplanting? (b) What is the optimum 
moisture stress range for maximum growth of nursery seedlings? (c) 
From what part of the soil profile do guayule seedlings obtain their 
water? (d) What are the effects of various soil moisture stresses on 
the rubber content and internal structure and composition of guayule 
nursery seedlings? The answering of these questions was the ob- 
jective of the experiment here reported. 

PLAN OF EXPERIMENT 

Guayule nursery seedlings were grown under five different soil moisture stress 
ranges, each in combination with two superimposed levels of fertility, on the 
Chualar loam soil of the Alisai Nursery at Salinas, Calif. The moisture treatments 
were designed to maintain soil moisture stresses in the following ranges: 

Treatment I, between the field capacity and a tension of 850 cms. of water at 
the 6-inch depth. - 

Treatment IT, between the field capacity and a tension of 850 cms. of water 
at the 1 2 -inch depth. 

Treatment HI, between the field capacity and the wilting point at the 6-in.ch 
depth. 

Treatment IV, between the field capacity and the wilting point at the 12-inch 
depth. 

Treatment V, regardless of the moisture stresses developed the plants were to 
receive no water after they were well established. 

The plants were seeded on June 3, 1943. Winter rains and pre-irri,qation had 
wet the soil to a depth of at least 6 feet. Similar moisture treatments were given 
to all plots until July 13, at which time the plants were coiivsidered to be well 
established and differential moisture treatments w^ere begun. The total amount 
of irrigation water applied varied from 2.5 acre-inches per acre for treatment. V 
to 25.3 acre-inches per acre for treatment I. The dilTerential moisture treatments 
were discontinued September 14. After that date moisture applications were 
uniform and due only to rainfall. 

The two fertility levels were (a) natural fertility until midsummer, August 12, 
followed by an addition of 50 pounds of nitrogen per acre; and (b) 500 pounds of 
io~-][5-5 fertilizer drilled in to a depth of 4 to 6 inchevS prior to seeding, and an 
additional 50 pounds of nitrogen per acre applied August 12. 

Each moisture treatment was randomly replicated eight times on plots 24 feet 
long and composed of tw’'o contigimus nursery beds, each having seven rows 
spaced 7 inches apart. One bed received fertility treatment A, the other received 
fertility treatment B. During the growing season samples of plants iverc taken 
periodically for the determination of dry weight and contents of mineral nutrients 
and rubber. Beginning in September 1943, at intervals during the next c)J 4 
months plants from all moisture treatments were transplanted into the fielii for 
studies of the effects of previous moisture treatment upon their resumption of 
growffh and their survivaL 


. RESULTS AND DISCUSSION 
SOIL MOIvSTURE DxlTA 

Changes in the soil moisture content were followed by means of 
oven-dried samples, Richards tensiometers (22), and Bouyoiicos 
plaster of paris blocks (7), The discussion that follows is concerned 
principally with data obtained by the first method. A more detailed 
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diseussioii of the data, obtained with the tensiometers and. Botiyoucos 
blocks, and of the uses and limit atioiis of these instruments in field 


practice, will be given elsewhere. 

I'he moisture data ol)tained from ovemdricMl srdl samples for the 
first four moisture treatmc'nts are slatwn gra]>hicalhr in Fig. i. The 
])ennanont wilting point and the taid capacity at the o to 12 -inch 
depth were determined by the methods of t'eihineyer (31, 34) to be 
6% and 16%, respectively. A moisture-tension curve (23), from o 





tuGiiS? " semMSn Auoiisf iEPtiMesn 

TReATMENT HI TREATMCNT 1£ 


Fig. I.-- -Soil moist lire record, 1943. 



to I atmosphere tension, is given for the Chualar loam soil in Fig. 2. 
It ivS evident from this curve that only about one-third of the available 
moisture is held in the range between the field capacity and the i 
atmosphere value, and that in this range for a small change in mois- 
ture conteiit there is a large/ change in tension. 

As is shown in Fig. t, the moisture content of the first foot of the 
soil receiving treatment 1 was very high throughout the period of 
ditferential treatment, especially in the surface 4 inches. Conversely, 
thcwmoisture stress was very low, as is shown in Pig. 3, where the 
nioisture teiivSion at the 6-incli depth, as measured Iry a tensiometer, 
is plotted against time for one replication of tn^atmenl 1. 1die soil at 
the T2- to i8-inch de])th was at a somewhat lower moisture level, but 
still high when considered in relation to the wilting point of this 
vSoil, As is indicated in Fig. x, there was little change in moisture 
content in the lower depths when the moisture stress ntjar the sur- 
face .was very low. The plots of treatment II were kept relatively wet 
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Fig. 2. — Moisture-tension curve for Chualar loam soil at 4- to 6'inch depth. 


(low teiivsion) in the top 24 inches, although the moisture level was 
much lower than in the plots of treatment I. At 12 inches the moisture 
content fell to the wilting point only twice during the differential 
treatment and then for only a very short period. The moisture con- 
ditions of treatment III, although planned to differ from those of 
treatment II, actually were similar. It should be pointed out that in 
neither moisture treatment II or III was the soil moisture maintained 
exactly within the ranges set up for these treatments. 

The soil of plots receiving treatment IV was at a much lower mois- 
ture level (higher stress) than that of those receiving treatments I, II, 
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or III. For a considerable portion of the time , the nioistiire content 
of these plots was near that of the wilting point, that is to say, the 
soil nioisture was held under a high sirc‘ss, or tension. Continuous 
moisture data for treatnieiit V were not obtained. Since the plots of 
treatment V were not irrigated after July 13, it is certain that their 
moisture content was c-oiisideral:)ly less than was the case for treat' 
merit IV plots. In mid-September the soil moisture content of these 
plots was found to be below the wilting point throughout the depth 
of root penetration. It had probably been in. that range since early 
ill August. 



Fig. 3, — Soil moisture tension for treritment I vs. time at 6-ineh depth. 


The only moisture received by any of the plots after September 14 
was due to I'ainfall. This amounted to 0.36 inch in October, 0,24 inch 
in November, 2.49 indies in December, and 2.51, 3.89, x.19, 1.31, 
and 0.52 inches in January, February, Rlarch, April, and May, re- 
spectively (30). 

AMOUNT AND TYPE OF GROWTH IN THE NURSERY 

The differential effects of the several moisture treatments upon 
the growth of the plants in the nursery were measured by dry weight 
determinations at five dates during the vseason: July 10, July 23, 
August 21, September 28, and October 19. The data are presented in 
Table p The given weights are the means, for tops plus a portion of 
the main roots (approximately 4 to 7 inches of root, depending upon 
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the age of the plants'*) of from one to four samples from each of eight 
replicates. 

Table I. — Dry weight (leterniinaH^ 










Differences 



Moisture t reatm eii f’’"’ 
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significance 

Sam- 






sample, 

Number 

at 

pling 






linear 

samples 


„ 

date 





" V 

inches 

per plot 

0 

0 


I 

II 

III 

IV 

of row 


Ph 

d ^ 
li 

Ph , 


July 10. . 

0.97 

1.12 

l.OI 

1.36 



i 5 

2 

D.27 

0-37 

July 23 . . 


571 

5-43 

6.30 

~ 

^5 

I 4 ■ 

—t 

— t 

Aug. 21 . . 

29.8 

30*5 

28.3 

25-7 



15 

1 4 , . 

2.9 

3-9 

Sept. 28 . 

264.6 

232.4 

240.0 

218.4 

: 103.8 

60 

1 I 

23.6 

32.0 

Oct. ig . . 

272.6 

253-5 

236.3 

230.9 

^ iir.g 

60 

! ' I 

22.6 

32.5 


•■^^Dry weight in grams per sample, mean of eight replicate plots. 
tNo significant difference by the P test. 


At the first three sampling dates the sample obtained comprised a 
3 -inch section across the five inside rows in the seven-row nursery 
bed, or 15 linear inches of row; at the two later samplings a 12-inch 
section, or 60 linear inches, was taken. The two differentially fertilized 
halves of each moisture plot were sampled separately at the second 
and third sampling dates, but statistical treatment indicated no 
significant differences and consequently only means for the moisture 
treatments are presented. (Simultaneously a comprehensive fertility 
experiment was being conducted adjacent to this experiment, and 
it was found that this soil contains ample amounts of phosphorus 
and potassimn for maximum growth of guayule nursery seedlings.) 
At the first, fourth, and fifth sampling dates samples w^ere taken only 
from the fertility treatment B part of the plots. Samples were not 
obtained at the first three sampling dates from the plots of treatment V. 

The July 10 sampling was made just prior to initiation of the dif- 
ferential moisture treatments. The treatment to that date had been 
uniform, hence a significant difference was unexpected. There was, 
however, a difference in favor of the plots later to receive treatment 
IV. The F test indicated that the differences due to treatment were 
not statistically significant on July 23. By August 21 the plants of 
treatment I and II had produced significantly greater dry weight 
than those of treatment IV. By September 18 there were highly sig- 
nificant differences due to irrigation treatment. Treatment I had pro- 
duced significantly more dry weight and treatment V had produced 
significantly less than any other treatment. This was also true at the 
sampling on October 19. 

A general view of a portion of the e.xperimental plots is given in 
Fig. 4, together with a comparison of the tops of representative plants 
from each treatment. It is obvious that the type of top groudh pro- 
duced b y the several treatments differed markedly. Those plants 

«As the plants aged it was necessary to go deeper in order to obtain the major 
portion of the roots, 
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grown under continuous low moisture stresses produced a large vege- 
tative grovdli and flowered profUvSel}^ while the opposite was true 
for plants grown under high moisture stresses. The plants of treat- 
ment V made only a fraction as much vegetative growth as those of 
treatment I, and only a few of them flowered at all during the summer. 
There wei'e also striking differences in the color and other physical 
characteristics of the plants. Those grown with the larger amounts 
of water were very succulent, brittle, and their leaves were light 









-General view of experimental plots and a compiirison of the tops of 
representative plants from each moisture treatment. 
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green in color; in contrast, those grown under the higher moisture 
stresses were shriveled, tough, and in leaf color a bluish-gray. ThivS 
latter color of the leaves is thought to be indicative of plants that are 
in a good condition for transplanting. 

Since the plants produced by the several moisture treatments dif- 
fered so greatly in top growth, it was thought that there might be 
corresponding differences in root development. In mid-September 
Dr. C. H. Muller' made some studies of the roots of plants grown 
under treatments I, II, and V. Treatments I and V represented the 
extremes in moistui'e stresses and in top growth and might logically 
be expected to display the maximum variation in the development of 
the roots. Drawings of the roots produced by the three treatments 
are shown in Fig. 5.^' There was little difference in the depth of root 
penetration. Possibly the differences would have been greater had 
there been present a well-aerated subsoil of texture similar to that of 
the surface soil. In this case there was in the subsoil at around 42 to 
48 inches a heavy layer in which both iron and manganese were 
present to some extent in a reduced state early in the season. The 
presence of this heavy layer may have been responsible for a con- 
siderable reduction in root growth. The plants of treatment V had 
fewer lateral roots near the soil surface than those of treatments I 
and IL This might be expected, since the vSoil of the treatment V 
plots had been under very high moisture stress for most of the summer. 
Moisture determinations at the time of the root studies showed that 
the soil of the treatment V plot was at or below the wilting point for 
the entire depth of root penetration. 

The root-top ratio of nursery stock has sometimes been considered 
in relation to its transplantability (10). It is possible that in this case 
differences in this ratio existed and these may have been correlated 


Fig. 5. Comparison of rwt systems of guayule plants receiving various moisture 
treatments. (Drawings by Gourtesy of Dr. C. H. Muller.) 


^Associate Botanist, Spedal Guayule Research Project, Salinas, Calif. 

Thanks are extended to Dr. Muller for pennission to reproduce these drawings 
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with the growth and survival of the plants after transplanting. It is 
evident from a study of the drawings of the root srLStems and a con-^ 
sideration of the depth of root penetration that any such ratio could 
be only relative and would have to be based upon an entirely arbi- 
trary portion of the root systenp due to the irn]:}ra(ticality of com- 
pletely recovering the roots from the soil. For this reason, no attempt 
was made to determine the root-top ratio of any of the plants in this 
experiment. 

Measurements were made, however, of the cro-wn-diameter and 
the height of the aerial portion of the plants. Representative plants 
of each treatment are shown in Fig, 4. Their heights varied from less 
than 4 inches for those of treatment V to more than 12 inches for 
those of treatment I. Data on the total number of plants per square 
foot, the number of plants of crown-diameter less than 5/32 inch, and 
the number calipering 5/32 inch and above (except for treatment V, 
for which the criterion was 4/32 iiicli) at the date of the second trans- 
planting on October 19 are summarized in Table 2. 


Table 2. — Nitmber of plants per square foot sampled October ip, 


Irrib'ation 

treatment 

Ca.li|)er at tlic erowii 

Mean num- 
ber of plant.s 
per sq. ft.* 

I 

Let^s than ^'32 incli. 1 

13 

^/'\2 ineh and above , 


Total. . . 

■36 


... II 

Less than s ' I- inch 

20 

24 

inch and above. ............................ 


Total. 

44 ' 


III . i 

Less than 3/32 inch. 

16 

23 

^/\2 inch and above. 


Total. 

v 39 


:: IV ■; 

■ . ! 

Less than incii 

23 

1 ^4. 

5/32 inch and above 


Total . 

! 47 


■/ VV:' 1 

Less than 4/32 incht. 

21 . 

1 ■ .26 ■ 

4/32 inch and above. 


Total. .... ............... ........... ....... i 

■ ■ 47 ' ■ 



of replications. No sij^iiifleatit ditferenceri by the F tefit in total nuiuber plants 
per square foot, 

iFor treatment V a eriterioxi of 4/32 inch w.'is employed in oider to obtain a number ch "trans- 
plantable'’ plants per unit area comparable v,dth the other treatmenty. 

A crown-diarneter of 5/32 inc.h was the criterion of minimum size 
for '‘transplantable” stock in the 1943-44 guayule held planting pro- 
gram, hence this value w^as chosen as the basis for size classification. 
In some previous years a criterion of 3/32 inch has been ihsed. For 
treatment V a criterion of 4/32 inch was employed in order to obtain 
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a number of “transplantable” plants per unit area comparable with 
the other treatments. A large percentage of the plants of treatment V 
fell between 4/32 and 5/32 inch. On the basis of the criteria used, 
there were no significant differences in either the total number of 
plants per square foot or the number of plants of “transplantable 
size”. Not only did treatment V produce as many “transplantable” 
plants per unit area as the other treatments, but, as will be shown 
later, the transplanting responses of the plants from this treatment 
were far superior to any others. 

Except for those removed in sampling, the plants grown in this 
experiment were left in the nursery through the summer of 1944 
without any further moisture applications other than natimil rain- 
fall after vSeptember 1943, Early in the 1944 growing season it was 
noted in the nursery tliat the plants of treatment V sent forth new 
shoots several weeks earlier than the plants of any other treatment 
and that their growth was much more vigorous. On July 7 all plots 
were sampled. The tops of five representative plants from each plot 
were divided into two portions, one portion (new growth) being the 
new stem and leaf growth made entirely in 1944, the other portion 
(old growth) being the stems and leaves laid down in 1943 but in- 
cluding also any accrual due to diametral enlargement and thicken- 
ing of these parts by reason of 1944 growth. The dry weight was 
determined for each of these two classes of tissue. The means of eight 
replicates of five plants each are presented in Table 3. The incre- 
ment of plant growth during any given period is to a large degree 
influenced by the initial size of the plant. It is obvious, therefore, 
that in comparing the 1944 growth of the plants of the i^arious treat- 
ments, account must be taken of their size at the l;)egiiining of the 1944 
season. The ratio of the purely 1944 growth to the 1943 growth, in- 
cluding the accrual due to 1944 enlargement and thickening, is given 
in Table 3. Relatively, the treatment Y plants produced nearly 3 
times as much growth during the spring of 1944 as the plants of any 
other treatment. On the same basis, the plants of treatment I pro- 
duced significantly less new growth than those of any other treat- 
ments. While there were no significant differences in the ratios for 
the plants receiving treatments 11 , III, and IV, they showed a general 
trend paralleling the moisture stresses under which they were grown 
during 1943. These data on the 1944 spring growth of the plants left 
in the nursery are in good agreement with the data on the after- 


Table 3. Dry weight of the new and old growth of the top portion of gmtynle plants 

sampled July 7. 


Moisture ti'eatment 

Drjr weight in grams 

Ratio of new 
growth to 
old growth 

New growth 

Old growtli : 



4.19 

3-77 

0.43 

II 


m 

2.82 , 

T fiA i 

0- 58 

0.59 

1 - 53 

IV........ 

4.67 

V. ■ 

'2.83 i 

2,75 

1.84 
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tiTirisp)laiiting growth responses of plants from tlie various treatments 
discussed later in this pa..per. 

RUBBER AND RESIN CONTENT . 

'riie ellec'ts of diitercntial iiioisture st resses on the rul:>l:)er and resin 
(‘onlc‘Ut of gTUiyule nursery seedlings are of much interest. The 
interest lies more in the fundamental than in the practical aspects 
of the |.)hysiological l 3 ehavior of the plant in response to moisture 
stress, since guayule is seldom grown, for rubber in the nursery. It 
seems quite possible, however, that information obtained from a 
study of nursery plants would, in part at least, he applicable to field 
plants grown for a longer time for rublier. 

When the plots were sampled on September 28, ,1943, for dry 
weight determinations, the plants of a portion of each sample were 
divided at the crown into tops and roots. The eight replicates of each 
treatment were composited, for each portion, for analyses for the 
content of mbber and resin u The analAhical data are fjresented in 
Table 4. Since the eight replicates were composited, an analysis of 
Vciriance could not be made on these data. There were differences 
between treatments, howcAmn*, which warrant consideration. The 
rubber eontent of the tops and roots of the plants f )f treatment V 
were 1.15 and 2.21%, respectively. In contrast, the corresponding 
values for treatment I were 0.14 ajid The rnaxirnum values 

for the ()ther treatinents were o.iofo rubber in the tops and 0.39% in 
the roots. Thus, the concentration <3f t'uliber in the tops of the treat- 
ment V plants was 7 to 8 times as great as in tlie plants of the other 
treatments, and in the roots 53 2 to 20 times as great. The percentages 
of rulAber in the plants of the first' four treatments were not grea'tly 
different, but the data, show a trend wlneli indicaites that even moder- 
ate differences in the moisture stresses under which they are grown 
are reflected in variations in the rubber con terit of guayule plants at 


Table ^..—Rubber and resm analyses , 


Moisture 

treatment 

Plants sampled Sept. 28, 

1943* 

Plants sampled Feb. 9, 
10441 

Rubber 

Resin 

Rubber, 

Pounds 
rubber 
per acre§ 

Tops, 

Roots, 

% 

Tops, 

% 

Root.s, 

% 

L. .. .....i 

0.14 

0,10 

. 3.08 

1.15 

■ 2.5 ■ 

360 

n 

0.17 


3.10 

L93 

."3-2 

354 

in 

0.19 


3.60 

, 2,23 

■ 2,9 ■ ■ ‘ 

310 

IV. . . .... 

0.17 

0.39 

3-9» 

L05 

^ AT 

.533 

v,. . , , , . . . 

LI5 

2.21, 

445 

3.88 

B.o 

348 • 


^Analyses made on coniporiites of all replications. 
tMean of eight replications- 

p 3 ifferenceJ> required for significance; 0,7% at P •-0.05; 1.0% at P - 0,01. 
§Base.d on dry weights per 60 linear inches of mw. 


’^All rubber and resin analyses were made by the Rubber Laboratory of this 
Project, Raiford L. Holmes, Rubber Technologist, in charge. 
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an early age. The resin content of the tops varied from 3.08% for 
treatment I to 4.45% for treatment V, For the roots the correspond- 
ing values were 1. 1 5 and 3.38%, respectively. Thus, the cancentra- 
tion of resin was iK to 2 >-2 times as high in the tops as in the roots, 
and in both tops and roots the higher resin concentrations Were cor- 
related with increased soil moisture stress. 

On February 9, 1944, the plants of the five differential moisture 
treatments were sampled for determination of rubber content and dry 
weight yield per acre. After defoliation of the plants, dry weight 
and rubber determinations were made on the individual samples 
from eight replicates of each treatment. The mean values for percent- 
age rubber and pounds of rubber per acre are given in Table 4. These 
data show clearly the effects of differential moisture stresses upon the 
concentration of rubber in the gua3mle plant. The rubber content of 
the 8-month-old plants varied from 8.0% for treatment Y to 2.5% 
for treatment 1 . The value for treatment V is significantly greater 
than that for any other treatment. The value for treatment I was 
significantly lower than that for any other treatment except treat- 
ment III. The percentage of rubber was significantly greater for treat- 
ment IV than for treatment III. There was no significant difference 
between treatments II and HI. 

There were no significant differences b}^ the F test in the pounds 
of rubber per acre pi'oduced by the different moisture treatments. The 
amount of rubber produced per acre is the product of the amount of 
shrub per acre and the percentage rubber, and during the first year’s 
growth in the iiui'sery there is an inverse relation between. thevSe two 
factors. This is in agreement with a statement by Lloyd (18) that the 
rate of rubber secretion varies inversely with the rate of growth. In 
fact there is a considerable amount of data accumulating which indi- 
cates that almost any treatment which will restrict the vegetative 
growth but will allow the plant to maintain its photosyiithetie area 
will result in an increase in rubber concentration, but not necessarily 
an increase in pounds of rubber per acre. 

Plant samples were collected on December 13, 1943, for vax'ious 
anatomical studies by Addicott and Pankhurst (2). Included in their 
investigations were studies on the plant structure and the deposition 
of rubber, resin, and other materials in the various parts of the plant. 
They found that the plants grown under the high moisture stresses 
had increased deposition of rubber, lignin, and cellulose, and a con- 
siderable enlargement of the resin canals in comparison with those 
grown under low stresses. They also reported that, ‘Tn general, low 
moisture stress leads to enlargement of the tissues of the plants, with 
comsponding increasesin the rubber-bearing capacity. High moisture 
stress leads to the accumulation of the products of photosynthesis/’ 
On the basis of their observations and the data presen ted\above, it 
would seem not unreasonable to expect that a maximum yield of 
rubber might be obtained by growing guayule under low moisture 
stresses for a period of time long enough to produce a large shrub with 
a high potential rubber-bearing capacity and then subjecting it to a 
period of high moisture stresses in order to increase the percentage of 
rubber. The plants grown under low moistixre stresses during 1943 
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are being subjected to higb moisture strcvsses during 1944 in order to 
obtain some early indications as to whether or not this can be done. 

GROWTH RESPONSES AFTER TRANSPLANTING 

For guayule seedlings, as for all otlier jilants that are grown in 
nunseries for transplanting, the most important criterion of nursery 
practices is the ability of the plants to resume growth quickly and 
to survive when set into the field, since, naturally, the crop yield 
is to a large degree dependent upon the stand of plants obtained. In 
the past it was the common practice of the Intercontinental Rubber 
Gompany to grow guayule transplanting stock with abundant water 
during the summer, to drought- and cokl-harden it to some extent 
during the fall and winter, and to transplant it into tlie field in late 
winter and early spring. Experience showexi that, for the type of 
stock produced, transplanting at this season resulted in niaximum 
survival. With the transplanting progiTirn confined to this period, the 
principal criterion of ‘transplantable stock” was the crowiudiaraeter 
of the plants. In a large planting program, such as was undertaken by 
the Eniei*gency Rubber Project, it was necessary to extend the trans- 
planting period over a consideral^le portion of the year. Depending 
to a consiclerable extent upon the season of transplanting, the growth 
responses of transplanted guayulc' have shown u'idc variations, re- 
sulting in field sUuuls varying from as high as {)o% to as low as 50%, 
even when soil and temperature conditions have not been unfavor- 
■ able. Some plants have died and decayed soon after transpkmting, 
others have resumed growth within a short time, and still others have 
been known to remain dormant for varying periods as long as a year 
after transplanting before resuming growth.''^ 

The effects of previous moisture treatment upon the after-trans- 
planting gi'owth responses of the nursery stouk grown in the present 
experiment were studied in an extensive transplanting program. At 
intervals during the period from September, 1943, to July, 1944, nine 
field transplanting trials were made with representative samples of 
plants, of a suitable caliper, from all treatments. 

In preparation for transplanting, a sample of plants was dug (some- 
times from dry soil without further irrigation) from each of the plots. 
These were obtained from areas of uniform dimension and from 
randomized locations within plots. Thirty plants'*^ with a minimum 
crown-diameter of ’5/32 inch were selected from each sample, except 
that in the case of the plots of treatment V a minimum of 4/32 inch 
was used in order to obtain per unit area a number of plants compar- 
able to the number obtained in plots of the other treatments. At the 
first two traiisplan tings the plants were topped to within 2 to 3 inches 
of the crown. In some cases this did not remove all the leavOvS, particu- 
larly from the plants of treatment V, Since Smith (28) has shown that 
the presence of leaves on the plant at the time of transplanting may 


^For this reason, in the ensuing discussion the percentages of plants showing 
new growth at any particular time are not i*ef erred to as percentages of plants 
surviving. 

®At the second transplanting only 18 plants were selected from eae.h r)lot. 
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retard the resumption of growth, at all subsequent traiisplantings the 
plants were topped to within to 2 inches of the crown and all 
leaves were removed. It should be pointed out that tinder the con- 
ditions prevailing at the time of the first two transplantings the leaves 
remaining on the plants of treatment V apparently had little if any 
effect upon their resumption of growth. As will be seen later the plants 
from treatment V were the first to resume growth. Transplantings were 
made to randomized plots, by hand, within 72 hours after the plants 
were dug. The land was not pre-irrigated; and the first, second, third, 
sixth, seventh, eighth, and ninth transplantings were made to I’ela- 
tively dry soil. The fourth and fifth transplantings were made to wet 
soil and were soon followed hy rain. At these dates the newly set 
plants were not inigated. At all other transplanting dates the plants 
were irrigated within 24 hours after transplanting. 

After each transplanting numerous counts were made to determine 
the number of plants that had initiated new growth. Data on the 
percentages of plants showing new growtli^^^ at varying periods of time 
after transplanting are presented graphically in Fig. 6 for the nine 
transplanting trials. The plotted data are the means of eight replicates 
of 30 plants each.^^ Analyses of variance^'^ have been made on the data 
obtained at each counting of each transplanting, and in the following 
discussion only differences significant for a P value of o.ox are spoken 
of as being significant. 

For the first transplanting, made September 29, 1943, at all count- 
ing dates, the number of plants showing new growth was vsignifieantly 
higher for treatment V and significantly lower for treatment I than 
for any other treatment. Thirty-five days after Iran .spla, 11 ting, 96% 
of the treatment V plants showed new shoots or leaf growth, wliile 
for treatment I the value was only 19%. The values for the other 
three treatments at that time varied in the range from 60 to 70%. 
There were no significant differences between these ti'catments xmtil 
the counting made on the 115th day. At that time, and at all subse- 
quent countings, there were significant differences between all pairs 
of treatments. 

At the first transplanting there were greater differences between 
the plants froxn the high and low moisture stress treatments than at 
any of the later transplantings, not only in the percentages of plants 
showing new growth but also in the type of growth resulting. The 
plants grown under high moisture stresses made a much more vigorous 
growth than did those grown under low moisture stresses. At the 
third counting, 35 days after transplanting, it was noted that most 
of the plants grown under the low moisture stresses, reported in the 
data as showing new growth, had only a few new buds. The plants of 
moisture treatment V were growing vigorously, had numerous leaves, 

i^Based on the numbers of plants actually present, growing, dormant, or dead, 
at each counting date. A few plants w^ere removed by cultural operations and 
otherwise and their absence was taken into account in the calculations. 

“At the second transplanting only 18 pUnts were selected from each plot, 
cases where the error variances were not homogeneous for the'different 
treatments as detex*mined by the Chi-square test, the proper transformations 
were made before the analyses of variance were made. (vSnedecor, George W. 
Statistical methods. Ames: The Iowa State College Press. 1940.) 
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and .were alreaxly well established. The da.la., }iowe.veiN do not take 
these differences into consideration; liotli types of plants are reported 
simply as showing neivygrcnvth 

. As is apparent from the data of Fig. 6, when plants, were taken for 
the first transplanting on September 28, the soil 'moisture stress on 
the plots of treat!ne,nt 1 was still low, the rnoislnre cont.eiu U) the 24- 
inch depth not having vvt slciwn mitth dei'line and being still con- 
siderably above the willing poini. 11 ie ]')l:mts oi tn.atnients 11 , III, 
and IV had been subjected In sjjimnvh.al higher stresses, but the 
moisture content to the '24-inch depth had been at or below^ the wilt- 
tiig point for only a fexv days. In contrast, the jilants of treatment V 
had been subjected to the high stresses of the wilting point range and 
below for several weeks. The soil moist iin* stresses of the plots of 
treatments I, 11 , III, and. IV gradually increased, up to the time of 
onset of the' winter rains. It was tliougfit that 'a gradual 'diard.ening’l 
of the more succulent plants would take place by reason of the in- 
creased moisture stresses and that their grcnvth res]:)onses a.:fter trans- 
plantings would be improved thereliy. "liiis was t ('Sit'd hy eight subse- 
quent transplantings made at inter\'als during the winter, spring, and 
summer. 



Fku 6. — Percentages ot plantvS showinj^ new growth at varying periods of time 

after triUisplantiiig. 


The second transplanting was ma,de on October 22. After 15 days 
the percentage of plants showing new growth was significantly higher 
for treatment V than for any of the other treatments; treatments III 
and iV "were significantly better than treatments I and IL At 33 days 
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after transplanting the percentage of plants showing new growth was 
significantly higher for treatment V than for treatments I, II, or IVt*^ 
The countings made on the 56th and 93rd days showed treatment V 
to be significantly better than any of the other treatments. At all 
subsequent counting dates significant differences existed between all 
treatment pairs, except for treatments III and IV. When counted 
after 265 days, the values for the surviving plants for treatments I, 
II, III, iV, and V were, in that order, 22, 33, 55, 56, and 93%. 

The plants were set into the field for the third transplanting trial 
on December i. After 14 days only 0.4% of the treatment I plants 
had evidences of new grmvth, while growth resumption had occurred 
in 32% of the plants of treatment V. At 15, 127, and 200 da3?-s after 
transplanting the values for treatment V were significant!}^ higher 
than those of aii}^ other treatment. At all countings after 127 days 
fromtransplanting the values for treatment I were significantty lower 
than those of any other treatment. After 200 days 92% of the plants of 
treatment V had resumed, growth. For treatment I the corresponding 
value was 53%. Treatments II, III, and IV with 68, 76, and 71%, 
respectively, did not differ significant!}^ from each other. 

January 25 was the date of the fourth transplanting. Only 0.8% 
of the treatment I plants had new shoots or lea.ves after 20 days, 
whereas 34% of the treatment V plants had resumed growth. After 
142 days the value for treatment I had risen to 81%, that for treat- 
ment V to 92%. At the same date the percentages of plants showing 
new growth were, for treatments II, III, and IV, in that order, 88, 
90, and 87, At all counting dates the values for treatment V were 
significantly greater than those for treatment L 

The fifth transplanting took place on March S. After 30 days 93% 
of the plants of treatment V were growing. Treatment I, with 77% 
new growth, was significantly low^er than any other treatment. After 
93 days there were no significant differences between treatments. 

The date of occurrence of the sixth transplanting w-as April 5, 


the first tvv'O transplanting trials the values for percentages of plants 
showing new growth decrease with time. For the second transplanting the number 
of treatment V plants showing new growth after 33 days was less than the number 
reported at the 15-day count. This was probably due to an error in distinguishing 
new growth from the buds and leaves remaining on the plants at transplanting". 
A complete removal of leaf growth from the treatment V plants %vas not effected 
at the first two transplaiitings. On a few plants the leaves were still green after 
15 days but not after 33 days. After the 15-day count special care was taken 
to distinguish new growth. Very little or no leaf growth remained on the plants 
of the other four treatments after they were topped for transplanting, yet the 
percentages of plants showing new growth show a greater decrease with time 
for these plants than for those of treatment V. The exact causes for this are 
unknown, but several factors are considered contributory. The values given are 
based on the number of plants actually present, growing, dormant, or dead, 
in each plot when the counts were made. The presence on the plant of any new 
bud was considered evidence of growth resumption. Injuries due to hoeing, 
cultivation, or rodents may have caused the death of some plants after they had 
been reported in earlier countings as having resumed growth. Possiblv some of the 
plants grown under low^ moisture stresses, although able initially to put forth new 
buds,^ were not able to withstand the frosts and unfavorable growing conditions 
associated with winter weather at Salinas; possibly, also, these plants would not 
have been able to survive under any conditions. ” , 
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Fifteen days later the percentages of plc-ints witii visible evidences of 
new growth wT^re '20 and 65, respectively, for treatments . I and V. 
After 105 days the values for ireatmenls 11, III, IV, and V had risen 
to 92-93%. Treatment I, with S-dh'', iras significantly lower. 

Sixteen days after the seventh Iransjdantiiig, made on Alay 3, 86% 
of the treatment V plants bad resumed grcnvth as evidenced by new 
shoots and leavesewhile 48% of llie plants of treatment I showed a 
similar response. After 76 days the values for all treatments had risen 
to 91% or above and the differences between treatments were of no 
significance. 

On June 2 plants from all plots were transplanted for the eighth 
time. When counted 15 days later, 95% of the treatment V plants 
had resumed growth as opposed, to 47% for treatment I and 60, 61, 
and 79% for treatments II, III, and in that order. After 34 days 
there w^ere no signiticant dillerences, all values being above 92%. 

The ninth transplanting was made on July 8. Ten days later 87% 
of the plants of treatment V showed new growth. The next highest 
values were 43% for treatment IV and 45% for treatment III, while 
only 30%] of the plants of treatment I and II had produced new shoots 
or leaves. When counted after 17 days, 90% of the plants of treatment 
V and 4g% of the plants of t:reatmefit I had new slioots or leaves. 
For treatments 11 ; III, and IV, the values were 53, 64, and 60%), 
respectively. 

Of the counts Of plants showing new growth at various lengths of 
time after the several transplantings, the latest counts, made in June 
and July 1944, are thought to represent very closely the ultimate 
survival with the possible exception of the eighth and ninth trans- 
plantings. A vSiimmary of these counts, in terms of percentages, is 
given in the form of a graph in Phg. 7. Tliese data give a good indica- 
tion of the time required to Miarden’' succulent guayule nursery 
stock. While one or two months ‘diardening^’ by the withholding of 
water and by cold improved the after-traospiantiiig growth responses 
of the succulent seedlings produced under low moivSture stresses, 
under the conditions obtaining at Salinas during this experiment four 
to six months of “hardening” were recpiired to bring about a pei*- 
centage survival as high as for the plants grown tinder the high 
moisture stresses of treatment V. 

It is of interest to note the relationship between the resumption 
of growth of the plants and the moisture stresses under which they 
were grown in the nursery. Equally satisfactory growth resumption 
of the plants of treatment V ocentrred at all seasons. Regardless of the 
time of trans])lanting; 91 to 93%? of these plants grew, and in all 
cases they resumed growth more (|uit'kly than the plants of any other 
tx'catment, as is showm by Fig. 6 , Witli increasing elapsed time be- 
tween the cessation of irrigation and tlie date of traiLSplanting, the 
growth responses of the plants grown under tlie low and medium 
moisture stresses of the first four treatments more and more closely 
approached those of the plants grown under the very high moisture 
stresses of treatment V. It was not until the fourth transplanting, in 
January, however, that the plants of the first four treatments sur- 
vived transplanting at all satisfactorily, and it was not until the fifth 
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that their growth responses might 1 ;)e said 
to be as satisfactory as those of treatment V. Even at that date tlicv 
resumed growth much more slowly (Fig. 6 ). Although all plots in the 
experiment rei^ived identical moisture applications after Sentember 
14. 1943. the effects of the differential moisture treatments which the 
hater previously received were still evident more than 9 month.s 
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1 IG. 7 .— Percentages of plants showiiw new .rrnivth <1 ... . 

first eight transpbntings". ' for the 
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resumed growth much more quictdv San 

ments are of outstanding practical imnnrfo other treat- 

guayule nursery stock fan be produced -tel mean that 
can be made with satisfactory results over a 1 q . ^ransplantings 
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212 


JOURNAL OF THE AMHRiCAN SOCIETY OF AGRONOMY 



planting throughoiit the year, proxifieci that soil moisture and tem- 
perature conditions are not uiifa\X)ral')le, is cvf particitlar importance 
not only on irrigated, land, but. even more so in relation tt> plantings 
made on nonirrigated Icinds. In many ‘'dry land” areas in California 
and the Southwest, where ginryule is being grown or might he grown, 
rainfall is largely seasonal. In some cases the greater part of the 
yearly precipitation comes during the surniner months; in others, 
during the winter. To estal;)lisli guayule on such “dry land” areas 
would require that transplaiitings be made at t he season when rainfall 
is adequate for the establishment of the plants. Conceivably, in order 
to do this, it might be necessaiy to transplant during any month of 
the year. In such an event it would be desira,ble to trans|:)laiit stock 
which not only has a liig'h ultimate survival l:)ut also is able to resume 
growth within the shortest possible time after transplanting. The 
ability of plants to initiate growth c|uiekly after transplanting results 



in a maximum growing time during their first season in the field. It 
should also lower considerably the number of |ilanls that succumb to 
disease, drought, and other factors which tend to reduce the stand 
in field plantings. Under conditions of high lemperaiure, low hu- 
midity, and limited soil moisture, plants which quiddy initiate 
growth and produce a,n extensive roeit system are able to obtain 
moisture from the maximum volume of soil and can l,>e expetded to 
vShow a higher ultimate survival and greater growth than plants 
whic'h require a longer time for growth resumption. Cn the l,)asis of 
the results of the present experiment, nursery stock grown under 
conditions of high moisture stress, as wa,s that of treatment V, would 
be much more suitable for transplanting under “dry land” conditions 
than stock grown under low moisture stress. 

It has been shown that guayule plants grown under iiigh soil 
moisture stresses not only show a high survival, hut are alst) quick 
to resume growth when transplmited. Idiere are still otlicr factors 
in favor of this type of nursery stock. When plants are grown under 
high moisture stresses, a minimum amount of irrigation water and 
fertilisers is required and the problem of weed control in the nursery 
is reduced to a minimum. All these factors tend to lower nursery 
production costs. The disease problems of guayule nursery seedlings 
are highly correlated with soil moisture content (20) and are very 
largely eliminated by growing the plants under conditions of high 
moisture stress. Plants grown iindev high moisture stresses, being 
smaller than plants produced with more aliundant soil moisture, are- 
more suitable for holding over in the nursery for transplanting during 
a second year should that for any reason l;)e desiralde. 

Obviously the greater the ability of the pkints to survive trans- 
planting, the closer the approat'h to a perfect field stand and the 
greater the probability of the production of the highest possible 
yield of rubber per acre. The greater the proportion of available 
space occupied and shaded by guayule plants, the less the problem 
of field weed control. Weeds are a continuous problem in guayule 
fields having blank spots due to missing plants and their control is 
expensive. 
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OTHER CONSIDERATIONS 

In addition to knowing the conditions under which guayule plants 
must be grown to obtain a rapid resumption of growth and a high 
survival, it would also be of interest to know the physiological coiu 
dition of the plants that enables them to have these characteristics. 
The plants grown under the varying moisture stresses differ in many 
respects. Undoubtedly many of these differences are associated with 
their ability to survive and to resume growth quickly after trans- 
planting, Certainly there are many factors which should be further 
investigated. Among these are the following: (a) The anatomy of the 
entire plant with special reference to the size and kinds of cells and 
tissues and the amount of lignification, cutinization, and suberiza- 
tion; (b) the amount and type of stored carbohydrates; and (c) the 
physico-chemical properties of the cell sap. It was not possible during 
this experiment to make a complete study of all of these factors. As 
was mentioned above, Addicott and Pankhurst (2) made certain 
investigations on the anatomy of some of the plants grown under 
the various moisture treatments. McRary and ITaub (21) have re- 
ported that inulin is the main storage carbohydrate in guayule. They 
have made a study of the amount and type of stored carbohydrates in 
the plants grown under the various moisture stresses, and their ob- 
servations indicate that there is a high cori'elation between the 
amount of inulin in the plant, during the fall of the year, and the 
moisture treatment. The inulin content varied from as low as 
for plants receiving treatment I to above 9.0% for the plants receiv- 
ing treatment V. 

The anatomical studies and the tests on the amount and type of 
stored carbohydrates in guayule were made on samples which had 
been taken earlier in the summer and fall. This could not be done in 
the case of the physico-chemical measurements on the cell sap. These 
have to be made at the time the samples are taken. Measurements 
of this type will be made on a similar experiment being conducted in 
1944. It is thought that the ability of a plant to survive transplanting 
may be correlated with the resistance of the plant to desiccation. It 
is known that the plants have to be hardened’^ considerably before 
they will withstand transplanting, and that this “hardening off’' 
treatment is similar to treatments which have been given other plants 
(5, II, 19, 25) which have caused them to be resistant to desiccation. 
Much fundamental information is needed on the reasons why some 
plants will suiwive transplanting and resume growth quickly and 
other plants will not. 

A considerable amount of work has been done in studying the 
transplanting of vegetable plants (s, 17, 19, ^3, 29). Most of this 
work has laid emphasis upon the amount and type of growth pro- 
duced after transplanting. There is very little information upon the 
survival of the transplanted plants grown under differential moisture 
stresses previous to transplanting. In the growing of vegetable plants 
there is evidently little difficulty in obtaining a satisfactory stand. 
Quite the opposite condition is true for ornamental shrubs, softwoods, 
and hardwoods. In many instances, with these types of plants, the 
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problem of survival is of major irniiortaiice* Every yi'ar there arc 
numerous transplantiiigs made under various eliniatic conditions 
and often very low survivals of the transplanted plants are obtained. 
Since guayule is a woody plant, it would not be surprising if, in 
general, the results of this experiment would apply to other woody 
plants. It is not to lie expected that idl types of v'-oody plants should 
be subjected to the same moisture stresses in ordca' to produce the 
best planting stock. It is entirely possilile, however, that the same 
fundamental principles would be involved. 

SUM. MARY 

An experiment was conducted to determine the ciYects of soil niois- 
ture stresses, ranging from very high to ver^v low, on the amount and 
type of growth in the nursery and the after-traiisplanting growth 
responses of guayule nursery stock, 

Guayule plants grown under high moisture stresses in the nursery 
in comparison with plants grown under low moisture stresses (a) pro- 
duced significantly less vegetative growth; {1:>) when transplanted, 
resumed growth more quickly; grew more \dgoroiisly, and in fall 
transplantings had much higher percentage survival; (e) were com- 
paratively better able to withstand unfa\n:)rable conditions after 
transplanting; and (d) had higher ruliber and lignin contents, and 
in the fall had higher inuliii contents. 

Guayule plants grown under high moisture stresses in the iiiu*sery 
can be transplanted with satisfactory results any time of the year 
provided soil moisture a.nd temperature conditions are favorable. 
Four to six months* of ‘'hardening'’ were reciuired under the condi- 
tions of this experiment to bring about as high surviwd after trans- 
planting for plants grown under low moisture stresses as obt^iined 
with plants growm under high moisture stresses. 

Under the conditions ofdbis experiment there was little difference 
in the depth of root penetration by plants grown under high and low 
moisture stresses. 

The guayule nursery vseedlings obtained their water from the soil 
to the depth of root penetration. In this experiment, during the first 
3^ear, this depth was 42 to 48 inches. While the soil moisture was at a 
low tension near the surface, water was absorbed almost entirely in 
this region. When the topsoil approached the wilting point the water 
was absorbed from the lower de].)ths. 
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SOILS EMPLOYED AND THEIR CATION CONTENT 


CATION-EQUIVALENT CONSTANCY IN ALFALFA^ 
Firman E. Bear and Arthur L, Prince- 


E vidence presented in a previous paper (3)'^ indicated that, 
within certain critical limits, alfalfa will thrive on soils^contaiii- 
ing widely different ratios'^ of exchange Ca to exchange K. Under 
such conditions marked variations occur in the percentages of Ca 
and K and in the Ca-K ratios in the tissues of the plants. Thus, the 
Ca content of first-cutting Hardistan alfalfa increased from 0,77 
1.82% and the K content decreased from 3.30 to 1.15% Tvhen the Ca- 
K ratio in the exchange complex of Dutchess shale loam on which 
the alfalfa was being grown was altered from i:i to 33:1. In con- 
formity with these changes in percentages of Ca and K in the plant 
tissues, the Ca-K ratio was increased from 0.45 to 3.09. This adjust- 
ment was effected without sacrifice in yield. 

The soil chemist interprets these facts as indicating that the 
analysis of alfalfa for total Ca and K provides a far more reliable 
index of the readily available supplies of these cations in the soil on 
which the plant has been grown than of the plant’s critical need for 
each of them. The livestock man finds in such data substantiation 
for his belief that the mineral value of a crop produced on a soil of 
limestone origin is higher than that of the same crop when grown on 
a soil that has been derived from noncalcareous rocks. There are im- 
portant practical reasons for considering the subject from both these 
points of view, and that is the purpose of this paper. 


Further study of cation relationships in alfalfa was foitnd possible 
in connection with an intensive investigation that is being made of 
the mineral qualities of 20 important New Jersey soils in which this 
plant is being used for indicator purposes. The soils were chosen to 
represent as wide differences in mineralogical, chemical, and textural 
composition as possible (Table i). They belonged to 17 ivell-recog- 
nized series and to nine distinct classes, and differed markedly in their 
content of the several common nutrient elements. Thus, the Hagers- 
town loam, a soil of limestone origin, contained 0.72% Ca, wdiereas 
the Penn silt loam, derived from noncalcareous shale, contained 
only 0.09% of this element. Similarly, wide differences may be noted 
in the percentages of total K and Mg in the several soils. 

For the purposes of this study it was deemed desirable to know, 
as definitely as possible, the amounts of “available” Ca, Mg, and K 
in the experimental soils at the time the alfalfa seed was sown. These 
were calculated by adding the quantities of these elements that had 

^Journal series paper of the New Jersey Agricultural Experinient Station, 
Rutgers University, Department of Soils. Received for publication November 10, 
1944^ 

2Soil chemist and Associate Soil Chemist, respectively. 

^Figures in parenthesis refer to “Literature Cited,” p. 222. 

Wl cation ratios in this paper are expressed in terms of equivalents per unit 
weight of soils or plants. 
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been supplied in the form of lime and fertilizers*" in preparation for 
seedin|:>‘ the alfalfa to the amounts contained in the exchange com- 
plexes of the original soils. The results of these calculations are shown 
in Table 2, in conjunction with the total yields of alfalfa and the 
cation situation in the soil at tlie end of the experiment. 


X. -Ch(’mk<d ronipositiou of Ax horizons of 20 important Ne'iv Jersey soils. 


Soils'*' 



Tfital <• 

onstiluonts, % 



SiCh 

AhCh 

PesOj 

PJJo 

Ca 

Mg 

K 

Collington loam 

77.1 

6-5 

5 U 

0.19 

0.16 

0.35 

U37 

Washington loam. 

71.2 

11.5 

5.4 

0.08 

0.35 

0.44 

2.10 

Penn silt loam. 

52.9 

20.7 

7 .« 

O.IO 

0.09 

i.OI 

2.59 

Lamsdfde silt loam 

73.0 

n .2 

3-0 

0.12 

0.23 

0-37 

1.50 

Dover loam 

79.6 

7*7 

3-0 

0.12 

0.34 

0.49 

2.26 

Dutchess shale loan if 

66.1 

12.6 

4.6 

0.20 

0.47 

0,89 

141 

GloxK-ester loam 

h 9>5 

13.0 

4*5 

0.21 

0.80 

0.52 

2.26 

Hoosic loamt 

71.1 

1 1 .5 

4.0 ; 

0.14 

0.48 

0.69 

2.55 

Sassafras loam 

794 

8.7 

3-5 

0.15 

0. 1 2 

0.32 1 

1.26 

IMerrimac silt loam 

74.0 

ro.8 

4 .t 1 

0.13 

049 

0.38 

1. 42 

Whip])anv silt-ela\' loam. . . . 

764 

10.6 

; 2.7 

0.06 

045 

0.33 

1.66 

Hrjger.stowii loamf 

6r.3 : 

14-9 

6.7 

0.25 I 

0.72 

0.87 

4*25 

Bcniindiau silt loam 

68.9 

Uh 5 

x 5-3 

o.ir j 

0.40 1 

0.74 

2.00 

lhax gravcllv luarnf 

73-5 

10.4 

3*5 

o.t8 j 

1,06 1 

1.17 

! 2.54 

Chester loam 

65.9 

1 15.2 

3-3 

0. 1 2 

0.25 

0.29 

3.00 

Pa])akaiing slonv loam 

72.9 

! 11.9 ; 

4.1 

0. 1 2 

0.22 j 

Q.8O 

1.73 

vSassai'ra.s loamv sand 

86.1 

1 ' 7.3 

2.4 

0.04 

0. X 1 

0. 1 3 

1.27 

Colts Neck sandy loatvi 

82.2 

! 4-9 

5-7 

0.14 

0,14 ^ 

0.37 

0,70 

Lakewood sand 

96.1 

! 1.6 

0.7 

0.0 X 

0.03 

0.02 

0.07 

Sassafras sand 

97-2 

1 ,1.8 

0. 1 

0.02 

0.00 

o.og 

0.35 


‘•‘■’The soils fire urrane;eil in this iind all succeed iiij.' tablcH in tlie onier of their alffilfri-yielding 
capadty under standardii'cd and ex pc-ri men tally cnntmlled conditions in the grccnhmise. ' 

■j’The.se soils were known tc( have been farim^d and, thdefore, the samples represent. Ap rather 
than A: htiri/ons. ^ 

The 10 most productive soils (Table 2) tended, to have higher ex- 
change capacities and higher contents of available Ca than the equal 
number of soils making up the lower half of the list on the production 
scale. Thus, the exchange capacities of these two groups of soils 
averaged 13.0 and 8.4 M.E., respectively, and their contents of 
available Ca averaged ii.i and 6.3 M.E. at the start of the test. By 
the end of the test, however, the sirpplies of all three cations had 
fallen markedly, the amount of available K having been reduced to 
such a low level in 15 of the soils as to make its lack a seriously limit- 
ing factor in plant growtlu 

PLANT-GROWING 

The sxiine plant-growing procedures were employed as in a previous 
study (i ), the essential features being that 2-gallon quantities of each 

®The fertilizer, consisting of a mixture of CaH.i(P04)2.H/), KCl, and MgSO.i. 
7 HuO, all C. P. salts, was, formulated and used in such amounts a.s were required 
to supply the equivalent of 200 pounds PiO^, 200 pounds K/), and 80 pounds 
MgO per 2 million poundvS of soil. To simuiat,e superphosphate, CaSO.} was used 
in approximately the same quantities as the CaPR (POJa. Small amounts of the 
several trace elements were also added to each soil. 
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soil, after its pH value had been adjusted t(.-) approxiinalely 7^.0 
the use of CaCOs, were given standard applicTilioiis of fertiliser, 
brought to optimum nioisture conditions, and, seeded to the Ath;intic 
variety of alfalfa. Eight successive cuttings were harvested, irom eacli 
soil, the produce of triplicate pots being combined for ana! sis. 


Table 2,— Yield of alfalfa in relation to exchange capacities of soils^ and to their 
content of amikihle^ cations at start and exchange cations at end of test. 


Soils 

Dr3^ weight 
of alfalfa, 
grams 

Exchange 
capacity 
of soils, 
M.E. 

Available cations 
in soil at start, 
M.E. 

.. 

Exchange ct. 
in soil at 
M.E. 

it ions 
end, 


Tops 

Roots 

Ca 

Mg 

K 

Ca 

Mg 

Kt 

Collingtoii 

68.0 

31*7 

15-9 

12.4 

1.5 

0.74 

9.8 

0.9 

0.15 

Washington. . . . 

60.S 

46.3 

n .3 

8.9 

2.1 

0.42 

6.7 

0.5 

0.07 

Penn 

60.1 

35-0 

IQ. 8 

12, r 

1.8 

0.65 

10.5 

0.3 

o.[8 

Lansdale 

59.9 

28.7 

13.0 

13.0 

L 7 

0.63 

S .5 

0.6 

0.21 

Dover 

58.0 

21.3 

14,0 

10. 1 

3-7 

0.47 

8.3 


O.IO 

Dutchess 

56.8 

36.3 

14,8 

15-8 

37 

0.95 

12.2 

1 .2 

0.19 

Gloucester. . . . . 

55.6 

237 

11.9 

7.1 

0.8 

0.35 

7.0 

0,6 

0.05 

Hoosic 

52.3 

28.7 

1 1 .4 

15.6 

1.2 

0.37 

94 

0.9 

0. 1 1 

Sassafras loam . . 

51.3 

24.7 

7-5 

li >-3 

0.6 

0.45 

4.8 

0.3 

o,oS 

Merrirnac 

48.9 

34-0 

10.2 

8.4 

1.7 

0-37 

7.0 

0.4 

o.q6 

Whippany 

48.6 

19.3 

8.7 

77 

1.7 

0.41 

8.8 

2-5 

0.09 

Hagerstown. . . . 

47.1 

23.0 

16.5 

13.4 

4-5 

0.48 

12.7 

4-1 

0.13 

Bermudian 

44.4 

23-3 

13.2 

9.9 

3.6 1 

0.45 

7-9 

i -7 

0.05 

Fox 

44.4 

19.7 

8-5 

6.6 

3-3 

0.41 

6.9 

34 

0,10 

Chester 

42.3 

^ 20.0 

10.6 

4-8 

1-3 

0.42 

6.5 

2 .0 

0.20 

Papakating. . . . 
Sassafras loamy 

42.0 

^ 25.7 

9.0 

7.7 

0.9 

0-57 

6.2 

0.4 

0,10 

sand 

37-5 

30.3 

2.7 

3-0 

5.8 

0.2 

0.29 

2.0 

0.1 

0.04 

Colts Neck 

37- 1 

21.7 

9.9 

0-5 

0.36 

5-1 

0,2 

' 0.08 

Lakewood ..... 

26.6 

23.7 

2.8 

1.6 

0.3 

0.22 

I . I 

0.2 

0.003 

Sassafras sand . . 

12.4 

7.0 

2.0 

1.4 

0,2 

0.22 

1.1 

i . 0.2 

0.04 


•!=In M.E. per lOO grams air-dry soil, 

fFor any given cation the term “available” represents the quantity in e:schange form plus that 
added m the form of lime and fertiliaer salts. 

supply of K for alfalfa is believed to lie between 0.15 ami 
0.20 M.E. of the element per 100 grams air-dry soil. 

With repeated harvesting of the successive crops, the Ca and Mg 
contents of the alfalfa tended to increase whereas the content of K 
decreased (Table 3). Thus, the average Ca, Mg, and K contents of 
the first crop were 88, 27, and 55 M.E. , respectively, per ,100 grams 
dry weight of tops, whereas the eighth crop contained 123, 40, and 
25 M. E. of these elements. The reverse of this tendency was found 
only in the ^second crop, indicating a higher degree of'availaV)ilitv 
of the soil K to the alfalfa during that period of its growth. 

It will be noted in Table 3 that the sums of the equivalents of Ga, 
Mg, and K contained in any given haiwest tended toward a constant. 
Thus, the mean of these sums for the first crop hanmsted from the 
2o_soils was 170, and the d.eparture from this mean did not e.xceed 10 
points in 15 of the soils. Similarly, the mean for the eighth crop was 
187 and the sum of the cation equivalents of 14 of the soils lav within 
a lo-point range around that value. The harvesting of each crop was 
perfonned on the same day on all soils, notwithstanding the fact that 
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the plants varied, somewhat in their <legrce of mattirii^c If all the 
plants could have been brought to the same stage of development by 
each harvest date, it seems proba1:)le that the sums of the eq;uivalents 
of Ca, Mg, and K in tlie produce of any given liarvest -would have been' 
practically a constant for all tliese soils. This tendency toward cation- 
equivalent constancy in legumes has l)een rioted by other workers 
( 3 . 5 ). 


TABLr: $.—MiUiemivaknts'^ of Ca, Mg, (ind K in first, semmfi and eighth crops 

a if a. if a\ 


vSoiis 

First crop 

. 

Second cropf 

, 

Eighth crop 

Ca 

Mg 

K 

To- 

tal 

Ca 

Mg 

K 

To- 

tal 

■ Ca 

Mg 

K, 

To- 

tal 

Collington 

90 

3^ 

60 

iBi 

72 


72 

167 

in 

37 

30 

178 

Washington. . . . . . 

94 

29 

52 

175 

76 

20 

58 

t54 

143 

3h 

19 

196 

Penn 

126 

19 

53 

198 

84 

16 

58 

rsH 

i34 

23 

31 

188 

Laiisdale. 

93 

21 

59 

173 

68 

17 

60 

H5 

123 

26 

30 

178 

Dover 

8i 

34 

60 

175 

73 

27 

63 

163 

115 

57 

19 

191 

Dutchess 

95 

25 

51 

171 

76 

l8 

63 

157 

117 

39 

29 

185 

Gloucester 

81 

36 

57 

174 

78 

23 

61 

162 

113 

40 

24 

177 

Hoosie 

86 

21 

57 

164 

72 

,21 

62 

'Lie 

132 

39 

23 

194 

Sassafras ioani . . . . 

93 

25 

49 

167 

69 

20 

61 

150 

331 

28 

18 

177 

Merrimac . 

lOI 

20 

55 

176 

79 

20 

63 

162 

161 

23 

S9 

203 

Whippany . ....... 

lOI 

24 

33 

.163 

75 

3^ 

44 


103 

6a 

13 

178 

Hagerstown ...... 

7 1 

35 

51 

157 

75; 

30 

47 

152 

1 16 

70: 

20 

206 

Bennudian 

10 1 

28 

52 

?8i 

64- 

281 

61 

163 

127 

.52: 

22 

201 

Fox..... 

66: 

40 

57 

163 


33^ 

63 

l6i 

i.09i 

69 

21 

200 

Chester 

■ 7S 

28 

59 

165 

54 

241 

72 

150 

lori 

43^ 

40 

184 

Papakating. ...... 

^ 93 

26 

44 

1 63' 

. 71^: 

23^ 

53 

154! 

344I 

39 

18 

201 

Sassafras 1 oamy 













sand. 

94 

23: 

56 

173 

./t 

, jS: 

62 

LSI 

^34i 

24: 

: 24! 

182 

Colts Neck 

91 

16 


157 

69 

22 

57 

348 

..144: 

27 

24: 

195 

Lakewood 

59 

28 

74 

l6i 

74 

36 

77 

187: 

93 


24: 

149 

Sassafras sand ..... 

72 

33 

6i 

166 

65 

26: 

70; 

163 

107' 

:33: 

■ 46: 

186 

Mean. .......... , 

88' 

27^ 

55 

170 

72 

■ 24i 

61 

157^ 


40 

^5: 

187 


*Per 100 grams dry weight of tops. 

fThe Na eonteat of the second crop of alfalfa from each soil was also determined, but the 
Quantities found were smail, Eweraging 0.82 M.E. per 100 grams c5ry matter. The produce of the 
Whippaiiy silt loam contained 2.04 M.E. Na, the only case in which it exceeded i M.E. per 100 
grams of produce. 

tThe critical low'er limit for K in the harvested portion of the alfalfa plant is believed to be 
about 25 M.E. K per iOO grams of dry matter. 

The individual equivalent values for Ca, Mg, and K in the plant 
tissues of any given harvest of alfalfa varied greatly from soil to soil, 
but in no apparent relationship to yield until the K content of the 
soil had fallen to less than 0.15 to 0.20 M.E, per 100 grams on the 
air-dry basis. When this occurred the K content of the plant tissues 
fell below 25 M.E. per 100 grams dry matter, the Ca-K ratio in the 
crops rose above 4:1, and the Ca-K ratio in the soils themselves 
reached levels approaching 100:1, the three critical values previously 
arrived at (3).® 

<5Nothing in these studies to date permits of setting critical values for Ca and 
Mg in the, tissues of the alfalfa plant or in the soil on which it is being grown. 
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It is particularly important to note that the alfalfa tended to 
accumulate K far beyond its critical need for the element, as is 
especially apparent in the data for the second crop (Table 3). Be- 
cause of this tendency, it is difficult in practice to maintain an ade- 
quate supply of this element in the soil, and the likelihood of its falling 
below the critical lower level in the plant presents a problem that 
has constantly to be reckoned with. 

Taken as a whole, the evidence strongly suggests that Ca, Mg, 
and K may each have not only a specific function that cannot be 
fulfilled by any other cation, but certain general functions of the type 
that can be performed by any one of these cations. Once the supply 
of any given cation has become adequate to meet its specific func- 
tional need, any additional quantity of it that may be absorbed 
by the plant is used only in these more general cation functions. To 
that extent, substitution of one cation for the other can be effected 
without detriment to the yield until a point is reached at which the 
content of the other is reduced below the critical value necessary for 
the specific function it performs. The tendency of the plant to ab- 
sorb K in excess of the amount needed to fulfill its specific function 
is greater than for either of the other two cations, as might be ex- 
pected from its position in the electromotive series and the properties 
of the element associated therewith (2). 

When the evidence is viewed in relation to both economy of pro- 
duction and feeding value of alfalfa, it would appear that Ca and K 
should be differently used, the Ca in liberal amounts in advance of 
seeding and the K as needed, part at seeding time and the remainder 
year by year during the life-history of the plant. These regtilarly 
repeated applications of K should be sufficiently liberal to maintain 
the K content of the plant at not less than the critical lower limit of 
1%, or around 25 M.E. per 100 grams dry matter. 

During this study this question arose as to the Na content of the 
alfalfa. Accordingly, the second crop was analyzed for this element. 
The data indicate that Na plays a very minor role in the cation 
economy of this plant when grown on New Jersey soils. The average 
Na content of the produce from the 20 soils was 0.82 M.E, per 100 
grams dry matter. The extremes were 0.34 M.E. in the alfalfa from 
the Hoosic soil and 2.04 M.E. for that of the Whippany soil, the only 
one in which the Na content exceeded i M.E. per 100 grams, 

SUMMARY AND CONCLUSIONS 

Consideration has been given to the cation content of alfalfa * 
plants that -were grown on 20 very different New Jersey soils under 
as nearly optimum conditions as our knowledge of these soils at the 
outset of the study permitted. 

The data indicate that high yielding-capacity of these soils for 
alfalfa over a period of sufficient duration to permit of eight cuttings 
was associated with a high content of available Ca in the soil at the 
start of the test. \ 

Under conditions in which all the fertilizer was applied before 
seeding, the alfalfa accumulated large amounts of K in the first few 
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crops with the result that most of the soils were rapidly depleted of 
this element. 

This tendency toward excessive absorption of K by plants might 
be expected from the position of this element in the electromotive 
series. 

The equivalents of K per loo grams dry weight of alfalfa tended 
to decrease from the second to the eighth crop, whereas those of Ca 
and Mg tended to increase. 

The sum of the equivalents of Ca, Mg, and K per unit of plant 
material tended to be a constant for the produce of any given harvest, 
this constant having a value approaching 170 M.E. per 100 grams 
diy matter in the finst crop and 187 M.E. in the eighth. 

The evidence supports the belief that each of these cations has at 
least two functions in the plant, one specific and the other or others 
of the type that can be performed interchangeably by all three ca- 
tions. Once the supply of each-cation is adequate to meet the specific 
need for it, there can be a wade range in ratios in the remaining quanti- 
ties that are absorbed by the plant to meet its total cation needs. 

Whether the problem of growing alfalfa is considered from the 
point of ’View of economy in its production or that of its mineral 
value to the animal to which it is fed, it ivould appear that the soil 
on which it is to be grown should be fortified with an abundance of 
Ca and Mg in pi'eparation for seeding, but that the K applications 
should be. governed by the specific annual needs of the plant, a 
suitable application being made at seeding time and additional 
quantities being supplied each year the crop is allowed to continue 
on the same land. 

Because of alfalfa’s tendency to accumulate K in excess of its 
critical need for it, difficulty is experienced in maintaining an ade- 
quate supply of this element in the soil. The annual application of 
K must be sufficient to maintain the K content of the plant at not 
less than 1%, but it should not be so large as to effect a substitution 
of K for Ca and Mg in the functions that are common to all three 
cations in the plant. 

The Na content of the alfalfa was too small to be of any significance 
in connection with the conclusions reached in this paper, the largest 
amount found being 2.04 M.E. per 100 grams dry matter in the pi'o- 
duce of the Whippany silt loam soil. 
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SEED AMD SEEDLIMG CHARACTERS IN CERTAIN 
VARIETIES OF SOYBEAM’Si 

C. S. Dorchester^ 


W ITH THE increasing use of soybeans in tlie corabelt the 
problems of soybean management are becoming steadily more 
important. One of the problems which is attracting much attention 
is the choice of varieties. A desirable soybean variety should carry 
a high percentage of oil, stand up well, be high yielding and norn 
shattering, and should be adapted in maturity to the locality in 
which it is to be grown. 

To meet the annual planting needs of the Corn belt area several 
million bushels of seed are required. Growers and seed dealers 
naturally are interested in this demand for seed and are attempting 
to handle desirable varieties for the localities in wliich their custo- 
mers reside. Experiment stations, in cooperation with the U. S. Dept, 
of Agriculture, are isolating and testing new kinds. All of tliese 
factors are pushing the matter of varietal identification into especial 
prominence. 

Soybean varieties, both cT the established and of the newer kinds, 
in many instances resemble each other so closely in seed characters 
that identification by these characters alone is diflicult. Additit.)nal 
differences as might be observed in the seedling stage and therefore 
rather quickly determined, as well as a more detailed descri])dori of 
seed characters, apparently would be useful. 

In the late fall of 1942, 27 varieties of soybeans, uk^sI of tlu^m 
already commercially^ important in the Corn Belt or showing etui- 
siderable promise as new kinds, were obtained in small lots from 
the Iowa and Indiana iVgricultural Experiment Stations. Again, in 
X943, different lots of the same varieties were obtained from the Agri- 
cultural Experiment Stations in Illinois and Iowa. These lots then 
were hand picked to eliminate damaged seeds and to obtain SLimples 
uniformly true to the indicated varietal type. 

An examination of the seed characters in this group indicated that 
many of these varieties are similar. Some of them appear so iieaiiv 
identical that identification on the seed basis alone is difficult if not 
impossible. As a result of a comparative study the following seed key 
has been developed. 

SEED CLASSIPICATION 

-I. Seed yellow 

A. Hilums large, 3 or more mm in lengtli 
I. Hilums black, with narrow white scar 


^Contribution from the Farm Crops Subsection, Iowa Agricultural Experiiiipiit 
Station Ames, Iowa. Journal paper J-1242. Project 164. Received for publii'ation 
November 10, 1944. 

^Associate Professor of Farm Crops. Robert Weber of the U. S. Dept, of A<^n- 
culture and Professor H. D. Hughes and Doctor I. J. Johnson of Iowa State Col- 
lege, made valuable suggestions in connection with this study. 
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a. Hiluni margins^ greeiiisli black to black 

B, H. Mancliu, Lhtcoln, Mandell, 
Manchti 606, Mmgo, Ontario^ 
Sciolo, Win, Mmichu 3, IFw. Man- 
chu 3 {Sel.) 

b. Ibiluin margins Inrjwn 


Mi, Carmel, Patoka 

2. Hilums black or brown, varial>le., enclosing wide white scar, seed small, 
ellipsoidal 

Midivest 

B. Hilums small, less than 3 mm, in length 

I . Hilums black, or brown with nan*ow longitudinal bar of black, margins 
faintly bi’own to brown 


II 


Chief 

2. Hilums other than black 

a. Hilums browm or buff 

1) . Hilums dark brown with wide white scar, small and ellipsoidal 

Minsoy 

2) . Hilums buff, sometimes almost brow-n 

a) . Seed strongly tinged with brown 

Seneca 

b) . Seed not tinged with brown 

Boone, Illini, Macoupin, Mukden 

c) . Seed pale yellow, almost white'^ 

• Dtmfield 

b. Hilums slate or gray 

Richland 

c. Hilums not colored, or very faintly tinged with buff 

1) . Hilums very faintly tinged with buff, seed pale yellow 

Gibson 

2) . Hilums not colored 

a) . Seed medium to small, globose to ellipsoidal 

(1) . Pigmented spot over tip of radicle generally present 

Earlyana 

(2) . Pigmented spot over tip of radicle generally absent 

Mandarm 

b) . Seed distinctly large, uniformly ellipsoidal 

Habaro, OAC 211 

Seed black and distinctly flattened 


Kmgway^ Peking 


SEEDLING STUDY 

On January 20, '1943, the 27 samples were planted in the greenhouse 
in 2-gallon ci'oclcs Med with a mixture of two-thirds soil and one- 
third sand, each variety in a separate crock. Stands of 20 to 25 plants 
were obtained in each instance and these were thinned to 10 plants 
per crock. Varieties planted were as follows: 


Tiilum margin refers to that part of the seedcoat adjacent to and surrounding 
the hiluin area. 

^Samples of Dunfield will not necessarily exhibit this character. 
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Black Hilum Manchu Macoupin 
Boone Mandarin 

Chief Mandell 

Dunfield Midwest 

Gibson Mingo 

Habaro Minsoy 

mini Mt. Carmel 

Kingwa Mulcden 

Lincoln OAC 21 1 


raiOKa 


Peking 
Richland 
Scioto 
Seneca 

Wis. Manchu 3 
Wis. Manchu 3 (Sel.; 
Wis. Manchu 606 


During the winter of 1943 -44 the seedling study of the foregoing 
varieties, with the addition of Earlyana, was repeated with new lots 
of seed obtained from a different source. The seed was dusted with 
Arasan and plantings made on February 24, 1944. 

In the seedling study the following varietal differences were 
obseiwed: (i) Mesocotyl color (purple vs. green) evident at time of 
emergence; (2) shape of the unifoliate leaves, observable 2 to 3 weeks 
after planting; (3)- shape of the trifoliate group, observable 3 to 4 
weeks after planting. 

With respect to the leaf and leaflet shape in items Nos. 2 and 3, 
the following differences were observed: (a) Shape of the basal lobes; 
(b) shape of the apex; (c) width relative to length. (See Fig. i). 

In the following description the seedling characters listed are 
those which appear to be useful in the identification of the variety* 
It will be noted, however, that in many instances the seedling dif- 
ferences given are not sufficient to distinguish the variety from certain 
others of the same seed group. In connection with the description 
of the unifoliate leaves and of the apical leaflets of the trifoliate type, 
the term ‘long’' indicates that the leaf , or leaflet, is distinctly kmger 
than wide, while the term “short” indicates that the width dimension 
is approximately equal to that of the length. The term “Seed Group” 
includes those varieties having similar seed characteristics. For the 
seed groups including more than two varieties, a key based upon 
seedling characters is included. 

SEED GROUP: B. H. MANCHU, LINCOLN, MANCHU 606, MANDELL, 

MINGO, ONTARIO, SCIOTO, WIS. MANCHU 3, WIS. MANCHU 3 

(vSEL.) 

I. Mesocotyl purple 
A* Unifoliate leaf base indented 

1. Unifoliate leaf long 

a. Unifoliate leaf tapering, tip rounded 

1) Apical leaflet long 

a) Apical leaflet tip pointed 

B. H. MancJm^ Mm,^o 

b) Apical leaflet tip rounded 

Mcmchu 606, MandeJl 

2) Apical leaflet short, tip rounded 

(Sel^ 

2. Unifoliate leaf short, tip slightly indented 

Ontario 






...... 


Lincoln 


'IVI;Onchu:;; 6015' 


Wtonchu Ho. 3 


Eoriyona 


Manchu No 3 (Sel 
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DESCRIPTION OF SEEDLING CHARACTERS 

B, H, Manchu (Fig. 2). — Mesocotyl purple; iinifoliate leaf long, tapering toward 
a rounded tip, base indented; apical leaflet long, tapering toward a pointed tip; 
lateral leaflet long, tapering toward a pointed tip. 

Lincoln (Fig. 2). — Mesocotyl green; unifoliate leaf long, tip blunt and one sided, 
base slightly elongated; apical leaflet long, rounded, tip rounded to slightly 
indented; lateral leaflet long, rounded, tip wide and rounded, 

Manchii 606 (Fig. 2). — Mesocotyl purple; unifoliate leaf long, tapering toward 
a rounded tip, base indented; apical leaflet long, rounded, tip rounded; lateral 
leaflet short, rounded, tip rounded. 




Fig, 2 . — The characteristic shape of apical leaflets and of unifoliate leaves of 
six varieties of soybeans. 


Mimdell (Fig. 3). -—Mesocotyl purple; unifoliate leaf long, tapering toward a 
rounded tip, base indented; apical leaflet long, rounded, tip rounded; lateral 
leaflet long, tip wide and rounded. 

Mingo (Fig. 3).— Mesocotyl purple; unifoliate leaf long, tapering toward a 
rounded tip, base square to indented; apical leaflet long, tapering toward a 
pointed tip; lateral leaflet long, tip wide and rounded. 

Ontario {Big. 3).— Mesocotyl purple; unifoliate leaf short, tapering toward a 
slightly indented tip, base indented; apical leaflet rounded, base and tip 
distinctfy rounded; lateral leaflet rounded, base and tip distinctly rounded. 

Scioto {^\g. 3). — Mesocotyl purple; unifoliate leaf long, tapering toward a 
rounded tip, base squared; apical leaflet short, rounded; lateral leaflet short, 
rounded. 
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HYs. Mamdm j (Fig. 2).““Mesocoty! purple; imifoliate leaf long, tapering 
tovvard a rounded tip, base indented; apical leaflet sliort, rounded, tip wide and 
rounded; lateral leaflet short and rounded. 


MancJm 3 {Sel.) (Fig. 2). — Mej^ocotjd purple; unifoliate leaf long, tapering 
tow’ard a rounded tip, base indented; apical leaflet short, rounded, tip wide 
and rounded; lateiTil leaflet short and distinctly i-oiinded. 



Fig. 3.- — The characteristic shape of yiiniail leaflets and of unifoliate leaves of 
six varieties of soybeans. 


SEE ITGIKIUP : Ml\ CARMEL^ 

Ml. (Fig. 3). —Mesocotyl purjjie; unifoliate leaf long, tapering toward 

a rounded tip, base elongated; apical leaflet long, narrow and sharply pointed; 
lateral leaflet long, narrow and sharply pointed. 

Pafoka (Fig, 3).^ — Similar to Mt. Carmel and apparently the same variety, 

SEED CxROUP: BOONE, ILLINI, xMACOUPIN, MUKDENs DUN^^ 

L Mesocotyl green 
A. Unifoliate leaf base indented 
I. Unifoliate leaf long 
a, Unifoliate leaf tapering 

i) Unifoliate leaf tip slightly indented 

a) Trifoliate leaflets long, tapering 

Boone ^ Dimjleld 

b) Trifoliate leaflets short, rounded 

Macoupin 
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2 . Unifoliate leaf short, tip wide and slightly indented 

mini 

B. Unifoliate leaf base elongated, leaf tip wide and indented 

Mukden 


description of 

Boone (Fig. 5) Mesocotyl g - 
indented tip, base strongly 
at base and tip. 

Diinfield (Fig. 4).—Mesocotyl 
indented tip, base indented; 
rounded; lateral leaOet long,’ 

Ilhni (Fig. 4). — -Mesocotyl g - 
dented, base squared to indented 


SEEDLING CHARACTERS 

green; unifoliate leaf long, tapering 
y indented; apical and lateral leafk 


green; unifoliate leaf long, ; 
apical leaflet long, base taf 
base tapered to rounded, tip 
green; unifoliate leaf short, tip 
apical leaflet short, rou 
ng, rounded, tip rounded, 
otyi green; unifoliate leaf long 
; apical leaflet short, rounded, 1 
^ort, rounded, tip wide and roun 
d green; unifoliate leaf long, tip 
obovate, tip blunt to rounded: ] 


Mukden 


Dunfield 


Mocdupin 


4-The characteristic shape of apical leaflets 
nve vaneties of soybeans, 


and of unifoliate le: 
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Midwest 


Gr 5- — characteristic shape ^ of apical leaflets and of unifoliate leaves of 
six varieties of vSoyl)eans. 


SEED GROUP: HABARt), OAC 21 u* 

Haharo (Fig. 6).— AIesocot.vl pnrple; unifoliate leaf extremely ivide and short, tip 
wide, indented, and usually one'-sided, base squared; apical leaflet distinctly 
short, rounded, tip wide and rounded; lateral leaflet long, rounded, tip wide 
and rounded. 

OAC 21 1 (Fig. 6). — Mesocotyl purple; unifoliate leaf long, tip narrow, indented, 
and distinctly one-sided, base squared; apical leaflet short, olaovate to rounded; 
lateral leaflet long, rounded at base and tip. 

SEED GROUP: EARLYANA, MANDARIN 

Earlyana (Fig. 2). — Mesocotyl purple; unifoliate leaf long, tapering to a roimded 
tip, base squared; apical and lateral leaflets long, tapering to a pointed tip. 

Mandarin (Fig. 6). — Mesocotyl purple; unifoliate leaf short, tip wide, indented, 
base elongated; apical leaflet short, rounded at base and tip; lateral leaflet long, 
rounded at base and tip. 


SEEL) GROUP: KI.NGWA, IdilKlNG 

Kingwa (Fig. 5). -Mesocotyl purple; unifoliate leaf short, tip wide, indented, 
base square to indeutetl; apical leaflet short rind dislinidly rounded; lateral 
leaflet short, tapering toward a rounded tiiu 


^Italics indicate distinctive characters within the seed group. 
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Peking (Fig. 5). — Mesocotyl green; unifolia te leaf small, distinctly oblong, tix> 
indented, base square to indented; apical leaflet slightly elongated, rounded 
toward base and tip; lateral leaflet small and rounded. 

The following varieties may be identified by their seed characters and therefore 
are not listed here in seed groups. 

Chief (Fig. 5). — Mesocotyl purple; unifoliate leaf short, tapiering tovaird an in- 
dented tip, base squared; apical and lateral leaflets short, rounded at base 
and tip, 

Gibson (Fig. 6). — Mesocotyl green; unifoliate leaf long, tapering townrd a rounded 
tixD, base squared to elongated; ax>ical leaflet long, tapered toward base, tip 
blunt; lateral leaflet long, taf)ered toward base and tip. 



Fig. 6 . — The characteristic shape of apical leaflets and of unifoliate leaves of 
five varieties of soybeans. 

Muhvest (Fig. 5). — Mesocotyl purple; unifoliate leaf long, rounded toward a 
rounded tip, base squared to indented; apical and lateral leaflets long, tapered 
toward base and tip, tip rounded. 

(Fig, 5).— Mesocotyl purple; unifoliate leaf long, tapered toward a 
slightly indented tip, base rounded to elongated; apical leaflet long, taxiered 
toward a pointed tip; lateral leaflet long, tapered toward a rounded tip. 

Richland (Fig. 6). — Mesocotyl purple; unifoliate leaf short, tip wide and slightly 
indented, base squared; apical leaflet long, tapered toward base, tip wide and 
rounded; lateral leaflet tapered towax'd base and tip. 

Seneca (Fig. : 4) .'—Mesocotyl gi'een; unifoliate leaf slioft, tapered toward an in- 
dented tip, base squared; apical leaflet long, tapei'ed towai'd a rounded tip; 
lateral leaflet long and rounded, tip rounded. 
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SUMMARY - 

As was to be expected, the leaf and leaflet vSliapes vary considerably 
within the variety, and the leaflets often vary somewhat on the same 
plant. As a rule, however, the plants of a variety exhibit definite leaf 
shape characters which, in several instances, may be used to dis- 
tinguish that variety from others having similar seed characters. For 
example, of the Boone, Illini, Macoupin, Mukden, and Dunfield 
group, Mukden alone has the unifoliate leaves with distinctly elon- 
gated bases (Figs. 4 and 5). Also, in the two seed groups clmracter- 
i^.ed by large black hilums with narrow white scar, including n 
varieties, Patoka and Mt. Carmel may be distinguished from the 
others by their markedly long and pointed leaflets (Fig. 3), and 
again Manchu 606, Mancliu 3, and Mancliu 3 (Sel.) ma}?' be identified 
as a group by their distinctly short and rounding leaflets (Pig. 2). 

The inesocotjd color is especially useful in two instances. Of the 
II varieties in the seed groups with, large black hilums, Lincoln may 
be distinguished by its green rnesocotyl, all of the others having the 
purple character. Peking and Kingwa, the tw-o black-seeded varieties 
studied, differ in rnesocotyl color, Peking being green and Kingwa 
purple. 

Under the conditions of this test, pubescence color could not be 
definitely determined until approximately 7 weeks after planting. 
Until this time, most of the varieties appeared to have a gray pubes- 
cence, 1 'he except!<3ris, B. H. Manchu, Ontario, and Midwest, ex- 
hibited a distinct^ tawny pubescence asearty as 4 weeks after planting. 
The pubescence color apparently will be of little or no use in con- 
nection with the idetitification of soybean varieties in the seedling- 
stage. 


MILLING, BAKING, AND CHEMICAL PROPERTIES OF 
MARQUIS AND KANREB WHEAT GROWN IN 
COLORADO AND STORED 14 TO 22 YEARS^ 

C. C. Fifield and D, W. Robertson- 

T he quality characteristics of various lots of Marquis and. 

Kanred wheat varieties grown in Colorado and stored for different 
periods of years were reported in 1938 (3).'^ Portions of these have been 
continued under storage and were sampled again in the spring of 
1943 (after 14 to 22 years’ storage) for milling, baking, and gemiina- 
tion tests. Thiamine assays on the wheat flour and the bread by the 
fungus method (i) also were made of the 1943 samples by Dr, K. C. 
Hammer of the U. S. Regional Plant, Soil, and NRitritioii Labora- 
tory, Agricultural Research Administration, Ithaca, N. Y., to wliom 
the writers are indebted for the data reported in this paper. 

SOURCES OF SAMPLES 

The wheats studied were grown at the Colorado Agrieiiltural Experiment 
Station, on experimental plots and stored in a dry, unheated rooin at Fort Collins, 
Colo,, for periods varying from 14 to 22 years as reported by RobertsDn, et «/, (4). 
The samples consisted of the variety Marquis from eacli of nine crop 3a^ars from 
1921 to 1927, inclusive, and of the 1929 and 1942 crops; and the variety Kanred 
from each of the three crop years 1921, 1924, and 1929. In the later years of storage 
there was considerable damage to the grain by the dermestid beetle, Trogoderma 
tar sale. The grain was cleaned at least once in 2 years over a fanning mill to remt>ve 
damaged kernels and the storage room was^ spra\^ed with ethylene diehloride- 
carbon tetrachloride mixture after each cleaning to control insect pestsr^ 

METHODS 

Milling and baking experiments were conducted in the laboratoiievS of the Grain 
Products Branch, Office of Distribution, War Food Administration, Bellsvilk?, 
Md, The tempered wheats were milled on an Ailis-Chalniers experimental dour 
mill provided with tliree pairs of break rolls and one pair of smooth rolls.^ None 
of the. lots required special tempering treatment or unusual milling technic 
for the -production of satisfactory fioiir. Chemical tests (moisture, ash,land pro- 
tein) were made by accepted and approved methods of the American Association 
of Cereal Chemists.'^ Acidity %vas determined on the extracted fat constituents 

^Contribution from the Colorado Agiicultural Experiment vStation, Fort 
Collins, Colo., the Division of Cereal Crops and Diseases, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, U. S. Department of Agriculture; and the Grain Products Branch, Office 
of Distribution, War Food Administration. Authorized by the Director of the ^ 
Colorado Agricultural Experiment Station for publication as Scientific Journal 
Series Article No. 189. Received for publication December 15, 1944. 

^Baking Technologist, Division of Cereal Crops and Diseases, .Bureau of Plant 
Industry, Soils, and Agricultural Engineering, and Agronomist, Colorado Agri- 
cultural Experiment Station, respectively. Credit is due Ray Weaver, J. F, Hayes, 
E. Hoffecker, T. Hartsing, and B, E. Rothgeb, Office of Distribution, War Food 
Administration, for making some of the determinations reported in this paper, 
^Figures in parenthesis refer to '‘Literature Cited”, p. 239. 

^The mixture rased was ethylene dichloride 3 parts, carbon tetrachloride r part 
by volume, according to Roark and Cotton (2) . 

®For complete description of milling equipment and operative technic see 
U. S. D. A. Tech Bui. 197. 1930. 

^Cereal laboratory methods published by the Anieric£in Association of Cereal 
Chemists, 4th ed. 1941. 


Quality data on the milling, baking, and certain other properties of Marquis {irrigated) and Ka?2red (-not irrigated) -djheai after 
storage for mrioiu periods (14-22 years) grovim and stored at Colorado State College, Fort Collins, Colorado. 
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of the wheat and is expressed in terms of theh^'fat-acidity value” defined as the 
number of milligranis of potassium hydi-^tMie required to neutralize the free 
fatty acids from loo'grams of wheat asedrfhmed on a dry matter basis (5). 

Bread-baking tests were inade* by the straight- doiigh metliod^ employing the 
braking formula ingredients nVost- <'K:)mmonly used by commercial bakers. The 
chemical, milling, and baking tests made in 1943 on these samples \vere conducted 
by the same method and in a similar manner to those made in 1938, Any changes 
occurring in the last 5 years in the properties of the wheats are, therefoi'e, most 
likely due to storage and not to differences in formulas or methods. 

EXPERIAfENTAL RESULTvS 

The milling and baking results obtained in 1943 with the samples 
grown in previous years are shown in Table i. Included also are 
comparable data obtained in the tests made in 1938 in order to 
facilitate comparison. The thiamine content of the grain, flour, and 
bread is shown in Table 2 and the germination percentage in Table 3. 
The latter table includes the germination percentage for each lot 6 
months after harvest and at the end of various periods of storage up 
to 22 years as reported by Robertson, et ah (3, 4). Thiamine determi- 
nations were made in 1943 for the fii'st time. 

The test weights of the grain were slightly but consistently less 
in i()43 than in 1938. Flour yields also averaged slightly less than 
in T93S, the only exception being the 1921 crop of Marquis. Ash 
c’Oiitent of the wheat, was substantially the same in 1943 as in 1938, 
but that of the flour was consistently higher, due perhaps to a more 
brittle bran coat. ThivS, however, was not apparent from the inspec- 
tion of the grain or in the. handling properties of the wheat in the mill. 
As noted above, samples were milled in a like manner in both 1938 
and 3943. Except for possible differences in ash, it appears that the 
conditions of storage have not materially altered the milling charac- 
teristics of the lots of grain stored up to 22 years. 

It wall be noted that there are no important dift'erences between 
the protein content of the lots of the same variety tested in the two 
different years. The differences that do exist perhaps can be attributed 
to random errors of sampling and not to the condition of the grain 
resulting from storage. 

Fat acidities determined in 1943 showed increases ranging from 
20 to 3 7% for the Marquis samples and from 26 to 5o%ior the Kanred 
samples, as compared wdth the results of the tests made in 1938, The 
greatest percentage increase was for the 1926 Marquis and for the 
1929 Kanred. None of the fat acidity values for Marquis tested in 
1943 was low^er than 33.8%, with the highest value recorded for the 
1923 sample of 61.2^^. The 1942 sample of Marquis had a value of 
25.4%, wfliich is aV)out, normal or perhaps vslightly higher than would 
be expected in sound normal freshly harvested wheat. The Kanred 
samples averaged 40.2% or higher in fat acidity. It is generally con- 
sidered that fat acidity values in excess of about 25 indicate incipient 
deterioration, but in the present study such deterioration as may 
have occurred was not reflected in the baking quality of the flour. 

Gassing power cleleiininations made 011 the flour \vere higher in 
3943 than in 1938, but the increase w^as small compared with the 
differences between crops. 
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of the wheat and {?■> expressed in terms ot the dfat-aciditv value” defined as the 
number of nhlh\i,u-amr of potassium hyyr(l:dde required’' to neutralize the free 
fatty aaids fujtii hh> grains of wheat asccrfained on a dry matter basis (5). 

Bread'bakijiLr fesis uere made by the straiyht-dough '^method, emplojdng the 
baking fomiula ingredients mosb- (xinimonly used, by commercial bakers. The 
chemical niiiling. and lialdng tests made in 1943 on these samples were conducted 
by the same nuU iicul and in a similar nianner to those made in 1938. Any changes 
oci’iirring in llu‘ last 5 years in the properties of the wheats are,' therefore, most 
likely due to stoi-age and not to differences in formulas or inethodvS. 


EXPERIMENTAL RESULTS 

The milling and baking results obtained in 1943 with the samples 
grown in previous years are shown in Table i. Included also are 
comparable data obtained in the tests made in 1938 in order to 
facilitate comparison. The thiamine content of the grain, flour, and 
bread is shown in Table 2 and the germination percentage in Table 3. 
The latter table includes the germination percentage for each lot 6 
months after harvest and at the end of varioiis periods of storage up 
to 2 2 3?'ears as reported by Robertson, ei al. (3, 4). Thiamine determi- 
nations were made in 1943 for the first time. 

The test weights of the grain were slightly but consistently less 
in 1Q43 than in 1938. Flour yields also averaged bslightly less than 
in 1938, the only exee])tion k)cing the :i;92:i crop of Marquis. Ash 
('miit'iit of the wlieat was siil:)stantially the same in 1943 as in 1938, 
but t}’ia,t of the .flour wns eonsistenth" higher, due perhaps to a more 
brittle lu'ari coat, lliis, however, was not apparent from the inspec- 
tion of the grain or in the liandling properties of the wheat in the mill. 
As noted above, samples were milled in a like manner in both 1938 
and .1943. Except for p(.^ssible differences in ash, it appears that the 
{Conditions of stf,>rage have not materially altered the milling charac- 
teristics of the lots of grain stored up to 22 years. 

.It will be not.ed that there arc no important differences between 
the prot.ein content of the lots of the same variety^ tested in the two 
diiterenl years. The differences that do exist perhaps can be attributed 
to random, errors of sampling and not to the condition of the grain 
resulting from storage. 

Fa.t acidities determined in 1943 showed increases ranging from 
20 to 37% for the Marquis samples and from 26 to 50%, for the Kanred 
samples, as compa.red with the results of the tests made in 1938. The 
gi*eatest percentage increase was for the 1926 Marquis and for the 
.1929 Kanred. None of the fat acidity values for Marquis tested in 
, 1943 was lower than 33.8%, with the highest value recorded for the 
3923 sample of 602%. The .1942 sample of Marquis had a value of 
25.49^, wiiich is al)<:)irt normal or perhaps slightly higher than would 
be expected in s{.)nn<l normal frcvshly harvested wheat. The Kanred 
samples averaged 40.2^0 f.)r liigher in fat acidity. It is generally con- 
sidered that fat. atldily values in excess of about 25 indicate incipient 
deterioration, but in the present stud}?- such deterioration as may 
have occurred was not xvilected in the leaking quality of the flour. 

Classing power dcleniurialions made on the flour were higher in 
1943 than in .1938, but the increase w^as small compared with the 
differences bet^veen crops. 
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BAKING TESTS 

Three formulas were used in the baking tests. The results in- 
dicate that the quality for bread in most cases was substantially 
the same in 1943 as in 1938. For the 1921 crop of Marquis, the bread 
produced in 1943 was better than that made in 1938. The difference, 
however, is no greater than might be expected considering the un- 
certainty of exactly duplicating the conditions when tests are made 
so far apart. It is of special interest to note that the 19 2 .1 Marquis, 
which had been stored longer than any other, produced bread 
superior to that of the 1927 crop with practically the same protein 
content. It was also better than the 1929 and almost as good as the 
1942 crops of Marquis, though for these later crops the protein con- 
tent also was less. There are no marked differences between the 
Kanred lots tested in 1943 as compared with those made in 193 8. 

VITAMIN Bi (thiamine) TESTS 

Thiamine determinations have been made of the wheat, flour, 
and bread. The results are given in Table 2. The thiamine content 
of Marquis varied from 4.6 micrograms per gram for the 1925 cr<.)p 
to 7.3 micrograms per gram for the 1923 crop. The variation was less 
for Kanred, but fewer 3^ears are represented. The 1921 crop of 
Marquis w^as higher than that for other crops, testing 5.7 micrograms 
per gram, while the 1924 crop of Kanred was the lowest for that 
variety, testing 5.0 micrograms per gram. The thiamine content of 
the flour and bread \vere very similar. vSince no determitiations of 
thiamine were made previous to 1943, it is not possible to determine 
accurately from these data the effect of storage on thiamine content. 
Considering, however, the known variation hi thiamine content of 
wheat of different crops as shown by other investigators, and the 
fact that the 1921 and 1923 samples were highest, the data presented 


Table 2 . — Vitamin Bi (ihiamme) content of wlteaf flour, and breads 


Crop year 

Wheat, 

micrograni per gram 
(as is H2O basis) 

Flour, 

microgram per gram 
(as is H2O basis) 

Bread, 

microgram per gram 
(air-dried at 60'^ C) 

1921 

6.7 

Marquis 

0.8 

i.t 

1922 

5*9 

1. 1 

1 .0 

1923 

7-3 

1.4 

1 .0 

1924 

5-7 

; i.o ■ , 

0.8 

1925 

4.6 

1 .0 

0.9 

1926 

5.9 

1.2 

1.0 

1927 

6.1 

0.6 

i.o 

1929 

6.2 

1.2 

I , ' ■ 1 . f 

1942 

6.2 

' / 1*2 

0.9 

1921 

"5.7 

Kanred 

0.6 

0.9 

1924 

5.0 

0.6 

0.9 

1929 

5*5 

0.3 

0.7 


*These data were supplied by K. C. Hammer in letter dated January 29. 1944. 
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herein suggest that there has been no great loss clue to storage under 
the conditions of this experiment. 

GERMINATION TESTS 

Tlie results of gerniination tests made after 6 months’ storage and 
again in i()3S and 1943 are shown in Table 3. All germinated well 
when the hrst tests were made, the lowest being 88% for the 1942 
crop of Marquis. The tests made in 1938 and in 1943 reveal marked 
differences, the wheat stored the longest being lowest, as would be 
expected. By 1943 the Kanred harvested in 1921 tested only 4.0% 
and the Marquis harvested, the same year only 22%. It is of interest 
to note that even though some of the wheat germinated very poorly, 
good bread was made from it. 


3. - Germination percentage of the wheats for various periods of years 
after harvest. 


Crop 

year 

M'onths 

(.Tonnina- 

1 938 tests 

1943 tests 

after 

I'larvest 

lion, 

■ w ' 

■ ■ /Cf 

Years after 
harvest 

Gerraina- 
tioii, % 

Years after 
hfirvest 

Germina- 
tion, % 


Marquis 


1921 

6 

9B.0 

17 

46.0 

22 

22.0 

1922 

■■ a 

97-5 

16 , 

70.0 

21 

44.0 

I (E23 

tj 

93-0 

i 5 

56,0 

20 

31.0 

1924 


93.5 

14 

82.0 

19 

55-0 

1925 

6 

97-5 

• ra 

62.0 

18 

35-0 

1926 

, 6 ’ 

95-5 

12 

83.0 

17 

41 .0 

1927 

6 

9^-5 

1 1 

91*5 

16 

78.0 

1929 

t. 

97*0 

9 

94.0 

14 

85.0 

1942 

1 6 

88.0 ! 

Kanred 




1921 

! 6 

95,0 i 

17 

38.0 j 

22 

4.0 

1924 1 

1 6 

94.0 i 

14 

47*0 1 

19 

39-0 

1929 

1 6', 

93-0 

9 

90.0 

14 

80.0 


SUMMA.RY 

Milling, baking, vitamin Ib (thiamine), and germination tests 
have been made of nine samples of Marquis wheat grown for the 
i‘rnp yiTirs 1921 to 1927, iiu'lusive, and 1929 and 194 2, and of Kanred 
wheat grown for the crop years 1921, i()24, and 1929. The wheat 
sarn].)k'S were stored at Fort ilollins, Colo., in a dry, unheated room 
for periotis varying from 14 to 22 years. 

Ihveiitydwo per eiad of Marquis and 4 % of Kanred germinated 
after storage for 22 years. 

Storage liad no consistent effect on the protein content of the grain. 

I'he ash c‘outent of the flour increased somewhat with storage, 
due perhaps to brittleness of the bran coat, with the result that more 
of it pulverimi in milling and was carried over into the flour. 



There was a definite and fairly regular but small increase in fat 
acidity with vStorage, those samples stored for the longer periods 
having fat acidity values which ordinarily would be indicative of 
considerable deterioration. Such deterioration, however, was not 
apparent from the bread bailing tests, since satisfactory bread was 
made from all lots of flour. 

The best bread was made from the 1921 crop, the small di (Terence 
as compared with later crops being due, no doubt, to the higher pro- 
tein content of the flour. 

Determinations of thiamine content of the wheat, flour, and bread 
were made in 1943, The differences were no greater than might 
reasonably be attributed to differences in the grain when it was first 
stored. 
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NOTES 

RELATION OF CAROTENE AND CRUDE PROTEIN CONTENT 
OF GRASSES 

R ELATIONvSHIPS between carotene and crude protein content 
^ have been noted by various workers. 

Studies on grasses may be divided into those in which the grass was 
cut completely at intervals, as in lawn mowing, and maturity studies 
where the grass ^vas cut at different stages of grow- tli. In the lawn 
mower type of sampling, Thomas and Mooni^ reported a correlation 
coefficient for carotene with crude protein of plus 0.530 for 46 samples. 
Mooifl in a further study obtained an r value of plus 0.543 where no 
fertilization was used, plus 0.23,1 for nitrate of soda treatment, and 
plus 0.332 for sulfate of ammonia treatment. Moon'^ also gives an r 
value of plus 0.89 in a maturity study on mixed herbage. vSmith and 
Wang‘S gave an r value of plus 0,85 for 63 samples of rye grass, white 
clover, cocksfoot, and timothy. 

The correlation coefficient (r) has been computed for buffalo grass, 
and blue grama, Bouteloua gracilis^ using -the 

Thomas, B., and Moon, F. E. Emp. Jour. Exp. Agr., 6:2^5-”24.4, iq%S 
«OON, F. E. Jour. Agr. SeL, 29:^^^^ 

%looN, P, E. Emp. Jour. Exp. Agr., 7:225-234. 1939. 

^Smith, a. M., and Wang, Tung. Jour. Agr. Sci., 31:370-378. 1941, 
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ckita of Laiighara, McMilleii, and Walker.^ The data used is from 
Iktble I of their report, using the figures from the first sample taken 
Hi a given yeai' to tJie last: sample before a killing frost, inclusive. The 
following 'values of r were ol)taiTied: 



Bulfalo grass 

Blue grama 

IQAC) 

00)6 

0.96 

J OJO 

0.97 

0.99 

Oq ! 

0,89 

0.94 


^ The data a.re sliowii graphically^ in Fig. i , the line being fitted by 
the metliod of least squares. 



Fin, I. Carot-cnc v-s. crude proi;eiB for buitalo grass and blue grama grass from 

■ data of Lringharn, MeMilleii, and ’Walker, 

T}'K‘ sources qucited iiKiicri.te a high relationship between carotene 
and rnnle protein in maturity studies of grasses. The relationship 
becomes ’less, 'with 'the- lawn mower type- of sampling and stilt less 
wlicii clipping is iNiml)incd with nitrogenous fertilization. 

Cared one is cliemically imstable. It is reasonable to suppose that 
it' is c^auliiuially being fornu'd and broken down in the plant. The 
breakdown products may assist in the fixation of nitrogen by pro- 
viding radhyl grr)n]>s lor cmiain of the arnino adds. \¥hen nitrogen 
is !>cing asHiiniiatctl rapitlly as a result of clipping, vigorous growth 
in tl'H" young plant, or nitrogenous fertilization, it is probable that 
the proptiHCii mechanism is not suffident to fix t.he nitrogen and other 
nii'dianistns 1 become more im].ioriaut,~LLOYD G. Keirstead, Agri- 
cultural Experiment Skiinni, Orono, Maine. 

\Via<a!T, McMiu.en, Wahuer N,, and Walker, Lamar, Jour. 
'SBWr,:BocL 'A;gron., 35 


BOOK REVIEWS 


241 


A SUGGESTED USE OF A YSIrLOW-‘FEUITED TOMATO VARIETY AS 
A BORDER FOR FERTILIZER OR VARIETY TRIALS OF 
RED~FRUITED TOMATOES ' 

I N FERTILIZER investigations with tomatoes at the Utah Agri“ 
cultural Experiment Station there has been considerable difficulty 
in measuring the response of tomatoes to fertilizer applications made 
^ on the soils. Most of the trouble has been in the harv'^estiiig. The 

f vines are large and intergrown with one another, making it difficult 

for the person harvesting to determine exactly which plant the fruits 
are on, and in which plot they belong. As a result, fruits were often 
picked from the guard rows and even from other plots, and included 
in the harvest from a particular plot. 

In order to eliminate this source of en*or, Mingold, a yellow-fruited 
variety, has been planted on the border rows. Thus, each plot is 
completely surrounded by yellow-fruited plants. Mingold is similar 
in its growth habits to the Stone A variety, which has been used in 
the experiments. At the time of each harvest the picker is instructed 
to pick all the ripe fruits within the ^^-ellow border. 

This simple idea has worked very successfull}?^ in making each plot 
a distinct unit. Others have expressed an opinion that it wilt help 
them in solving similar problems. It can be used in testing fertilizer 
response or variety differences. — L. H, Pollard and IL B , Peterson, 
Utah Agricultural Experiment Station, Logan, Utah. 

./ BOOK REVIEWS 
A MANUAL OF SOIL FUNGI 

By Joseph C. Gilman, Ames, Iowa: The Collegiate Press Inc. JQ3 
pages, Ulus, I g45. $5. 

T he author has pointed out the importance of soil microbiota 
and that their biological complexities are still in the main obscure. 
The significance of soil fungi is becoming more and more evident, not 
only from a standpoint of soil decomposition and fertility, but because 
they may play an important part in the production of plant and ani- 
mal diseases and in our everyday life, causing spoilage of foods and 
materials. The microbiologists and biochemists are continuallA^ 
finding new uses for soil fungi in the production of industrial and 
medical chemicals. The plant pathologists still have much to learn 
about soil biological factors in the possible control or regulation of 
soil pathogens in combating various soil-borne diseases. Undoubtedly, 
the surface of these subjects has just been scratched and we should 
^ ^ forward towards newer discoveries of fungous products and 

biological relationships which will aid in the control of plant and 
human diseases. 

The publication of this excellent book is timely and will serve well 
as a tool for the identification of fungi encountered by , the soil 
microbiologist. The author stated that the volume does not profess 
to contain much new data, but that it has brought together the 
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descriptions of the fungi which have been reported as having been 
^sc>lated from the soil. The fungi included in the book are chiefly 
those species which have been cultivated artificially on biological 
Gnedin. The terrestrial mushrooms; plant pathogens which are con- 
sidereal to be soihborne and have not been isolated directly from the 
^oil: forms reported from leal molds, decayed wood, or other sub- 
strates that have not become fully incorporated in the soil complex, 
have been exc'luded. 

To clarify terms used in the descriptions, a short discussion is 
given of fungi, sexual spores, and asexual spores. The keys for 
aJentiflcatioii are in general based on this scheme and, therefore, 
9 re highly artificial. Existing keys were utilized with modifications 
fo fit tlie fungi described. For the more general section, they are 
piose of Lindau in Engler and Prantl, “Die naturlichen Pflanzen- 
iamilien.'’ The latest or best monographs,, of the various groups, 
however, were utilized whenever possible for the keys to the species. 

The body of the manual presents a key to the classes, orders, 
families of soil finigi and detailed descriptions of each fungus 
treated. The descriptions are clear-cut and complete. In certain 
instances, tlicy are accompanied with text figures. References are 
giveti of tlie countries from whicli each soil fungus was isolated. A 
Peilinent literature list, glossary, and index are included. 

Ill is \''(:»1ume is a real t'ontribution to a much-neglected field. It 
sa\a;* N'alualfie time for all workers in soil microbiology, — O tto A. 
■Reinking. 

STATISTICAL METHODS FOR RESEARCH WORKERS 
J-yy R. A. Fisher: Ed inbnrg^i and Londo^^ Oliver and Boyd. Ed. g. 

A P ..p 

T he eight editions of this standard work have been reviewed 
in this Journal, so comparison is made with the eighth edition 
ptily (Vol. 34, page 204). All the text of the eighth edition is 
pieluded in the ninth edition and the number of pages has been 
mcixxised from 344 to 350. The additional material consists of (i) a 
root method and chart for studving frequency ratios provided 
W cliff erent samples that may or may not be homogeneous, added 
Section lo. i, 2 pages; (2) a change in the values for the k and g 
-Statistics, Section 14; (3) an additional paragraph explaining the c 
t'Oefficient’s, Section 29; tl) paragraph further discussing the corre- 
^‘Uion cueirKient, Sendion 30. (5) Section 57.3, about 4 pages, “Test 
of Humogeneity of Evidence used in Estimation”, is new. The author 
"'The method of this vsection is available when estimation is 
^dtsed on nK‘asuremenls and tiot on freqiiencfies so that no alternate 
vaha^. ]:'>ased on frec]uencies can be calculated,” (6) The list of publi- 
^ditiotis f>y the author indudes the period icj42 and 1943 ♦ 

The numbering of sections, tables, and examples found, in the eighth 
vdiiioti liave not been changed. The format is the same, but, by the 
of thinner paper, the volume is about two-thirds as thick as that 
the previous issue. The presswork and binding is of the same high 
standard found in earlier editions. — F. Z, Hartzell. 


agronomic affairs 

ABSTRACTS OF 45,000 SEIZED ENEMY-OWNED XJ S PATFWT<a 
NOW AVAILABLE ' ' 

yHE publication of two sets of abstracts or short descriptions of 
i 45,000 alien-owned U. S. patents seized by the AlierSonciu 
Custodian of the United States Governmem- hoc ■;„c.n lopeit}- 

by James E. Markham, the CuSodkn announced 

These patents were developed by our enemies -u- n r 
of dollars and involved millions of man hours of work cmiS 
many items which may be of value in prosecutino- 14,; „ ^ contain 

for postwar use. The patents cover pracdiaally 'ev'erv liel^of manu' 
facture. Licenses to most of these patents are 'avail able to 

for the life 

classified mad mde'iS°TheEHANic?L^ 

(about 37,000 patents) consist of a .short descrintinn 
twe drawing. The Chemical Abstracts rab,-!ut 9 n 
sist pf a condensed description of the chemic'd 
The set of the Mechanical and Ei fSpk v evolved, 

m four volumes comprising approximate] v 1 on I® bound 

a 48-page index. The set of Chemical Abstr a rr^^lr 

contains about 2,000 pages and has a mo o • j sections, 

abstracts sells tor Ssj b^obtaS £ «, 

Property Custodia.,, 3 , . KcldLuiklS Cwi'.y" • 

If the complete sets of abstracts srp nnt riMc-a* r ’ • 

(sections or classes dealing with "an V one pulnvtTf of th«n! 

proportional cost. An indfx shoM^g tie d 

prices may be obtained free of charge bytovrilinh b L^M^ n 

Custodian, 311 Field Building, Chicago 3, Alien Projierty 

NEWS ITEMS 

Africnlmal’Ex^erfmeTstofSJTSNelX^^ 

” kY^jTSS S)et?“S'w,°sTu’’f" P-S” 

developiag quick cbe.oicS teste forXrnutrtr'”U “ 

fertilizer committees of the Society and w^ f served on the 

Scctiou O of the American AsSroTUr 

bcienee. lui tnu Aavnneement of 


the National Fertilizer ^AssoStioh S Work of 
Pebrmary a 7 th, followbra fouU^ D- C., on 

Society, Mr. Smalley wls widely known fhe 

the country and took a prominent pari agronomists of 

mgs of the National Joint GoSiftol on 

National Joint Committee on Pertife Utilization, the 

h.er Committee of the Ameriemi 
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George 1-L ServIsSS, Extension Associate Professor in Agronomy 
at Corneli University, lias accepted a position as Director of the 
Soil Bniiding Service of the G, L, F, CoopeivitiA^e, effective March i. 

The International Minerals and Chemical Corporation 
is adding a 8125,000 aciduhiting plant to its Chicago Heights, 111., 
fertilizer Uitiory for the nianufacture of superphosphate. The new 
unit, is expected to come into production about March 15 and will 
iiuTcaso the capacity of the Chicago Heights plant 25 to 30% over 
present tonnage. 

_.A._ 

The Retirement on April i of Charles J. Brand, Executive Secre- 
tary of tlie Na.tional Fertilizer Association, liavS been announced. 

Dr. FC P. Bailfholomew, head of the Department of AgTonomy 
of the Arkansas College of Agriculture, has been named Associate 
Director of the Arkansas Agricultural Experiment Station. He will 
taintiiiue to serve as head of the Agronomy Department. 

A...,, 

Stanija' F. Moksi-:, agruTiltural eonsultaait since igi6 with 
private in the Unilei.l States, Latin America, and Europe, 

and previous!^' Slate Director of Agricultural Extension and Profes- 
sc^r of Agricuiture at the University' of Arizona, has been named 
cl'iitH of the American F« )od jMission, U, S. Foreign Economic Adminis- 
tralion, l.o French North Africa. Mr. Morse also has been seiwing as 
1‘liicf cif the Food Division of the North African joint (Anglo- Araeri- 
can.) Ecmiornic' Mission. TIis address is Box S61., Winter Park, Fla, 

A.-..,. 

Diicrtn-i K. C. A lchter, Administrator of Agricultural Research 
in tile U. S. Dept, of Agric.nilture since 1941, resigned early in Febru- 
ary to t.icec4)t the ]:>osition of Director of the Pineapple Research 
Institute of Hawaii, with headquarters in Honolulu. Doctor P. V. 
Cordon, who has been assistingDoctor Auchter since the organization 
of the Agricultural Research Administration in the Department, 
has been named to succeed Doctor Auchter as Administrator. 

Dtu’TiiR J. J. vSrinner, Senior Biochemist of the Bureau of Plant 
Industry* Soils, and Agriimliural Engineering of the U. S. Dept, of 
Agrlimllure since 1935", has retired after 41 years of government 
•■service,. '■ 

^ ^ ' ■ t , 

Accukding to ScuncCy Doctor Richard E. Schultes, ^ research 
fellow at the Botanical Museum of Harvard University, is serving 
as a,groiiomist for the rubber program of the Bureau of Plant In- 
dustry, U. S. Dept, of Agriculture, and has spent three and a half 
years in tlie Amazonian regions of Colombia. He can be addressed 
ill care of the American Embassy, Bogota, Colombia, S. A. 
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EFFECT OF PLANTING RATE ON FIBER YIELD nir 
UJ^ENA LOB A TA L. AS COMPAiS WIT^ 

kenaf, hibiscus CAmAmmslT 

JuLUN C. Crane and Juli.ln B. Acuna^ 

T Tra^a lobata L., a plant which is widely distWhuD 1 ■ *1. 

LJ and sub-tropics, has aroused much niter,-.=!+^r tropics 

for many years in regard to its beiiicr utilised 

suitable for uses in which iute fiber^A mi, r a source of soft fiber 
to the Mallow family (Mahraceae) and^t belongs 

.gW in color, soft.' silkyll^ld' “ry Sc' T.V’iif 

utilized foi coarse bagging and cloth 7 fiber has been 

duc^ in comparatively small amounts in pro- 

go, Brazih and other South and Central 
^bata m Cuba is called malva blanca mem 

w a localized area of Santa Cl-iro P,J white mallow; while 

prida the plant is Cuizazm t 

by some people French cockle bur? is t enncd 

the experimental planting of apDroximm^t. Corporation for 

in i the latter’s sugar centSs gSw thffi®l°^ Wanca ' 
943 1 when the plantings were aporoxim'i? i ^ tiist part of August 
experiment appeared to be a failurp?-1ii« mouths old^the 

and plant growth; but the field was left i? germination 

however, the planting were irSpSedlM^f S^Ptet^S 

Afferent appearance in that plant heio-ht Presented an entirely 
in all pa.rts of the field had germinated H uniform and seed 
had attained an average height of s fopi- ‘w^ b^ocember, the plants 

foft for Iarge-scale'ret?b? 

areas of plants were lit from eSh JTp .‘bailable. 
'JointcontributionfrA.,rU,.n«:„-.,r: w, . ® ^p'^rious plots 


_ — -- X— vvvj-c: uuL irom each nf • 

IT • . . or the vanous 

of Agricultw”and tL^CuValA^cu°4rn USD 
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for the purpose of determining the yield of fiber that could be ex- 
pected as well as the effect of planting rate on yield. This report 
presents the results obtained. 

EXPERIMENTAL METHODS 

This c‘K|;eririient was arnicliK'ted at Central Rosario near Aguacate, Cuba, on 
a very fertile Matanzas elay soil having a pH of 7.0. The land previously had 
been_ in sugar rane, and waste containing lime from the sugar mill had been 
ap])lie<j fn.’ci' a ])eriod lof years. 

During tlie muntlt of Marcli, 1943, the cane crop was cut, and the months of 
^Vorit and Mav were spent ixi j tiie land for the raalva blanca plantings, 

lliis ]-)rc])aration consisted (>f plowing to a depth of 10 inches with a tractor and 
a live-disc jfiow and then of cross-plowing with the same equipment. A second- 
cross-plowing wasylone vrith oxen followed l>y grading with the use of mules, all 
of whicl] rcsulnoj in an excellent preparation of the seedbed. 

'Pile held w:'is dividt'd into six plots, five of which contained 5 cordeles each 
(appn'iximrdely l< aero), while the sixth covered an area of 25 cordeles. The plots 
were plantePi by hand on ^^^y 28, using unscarified seed that was not free of 
burrs or car]>el parts ami \vhi(’h averaged approximately 25,000 seeds per pound. 
Tlie following idanting nieth«:)ds and planting rates were employed: 

25 rnrdelcs {dan i cd in H-in 'h rows with 6 inches between plants in the row 
(.‘ipfH'oxinia tely 25 pounds {ler arTc) 

5 curdtdc;- broadtrislePi at the rate of 40 pounds per acre 
5 i'onU‘les broadcccUed ad the rede of 35 pounds per acre 
5 ct.irdcics ’ovr.ccU'astcd at t he rate of 30 pounds per acre 
5,cordtdes I M'oa.dcasted .at tht? I'ate of 25 pounds per acre 
5 curdcha-. brcfadcaslcd .at the rate of 20 pounds per acre 

Tiu,* land was rt‘aronab 1 \‘ free of wetHs anrl at no time did they offer competi- 
fiem for the planiix Upcm the completion of the experirrient, the determination 
w.is luadt* that 53 inches of rain had fallen during the. 7 months 

urov.iii {jcriodi, witich was entirely adccjuate for the growth of this p>lant. 

tjn January 7. 1044, whi>n tlie- plants were in blooni, three representative 
st.'na:iro ya?'d s:nn{) 1 tv» were cut with a ?nai-*hete from each of the six plots. In cutting 
planls, an emlcavor was made to select the average as well as the minimum 
maximum numlu^r r>f plants per .square yard for eat'h of the six treatments. 
After the- pkiuts were cut, th.cy were tied in bundles and the top foot with leaves 
and K'Uall brmichcs w;is remo\'cd. The samples were talcen to the Cuban Agii- 
i'ullural Expcrimeni Station where all remaining leaves were removed and the 
green wcigiit of tlie stetns was determined. Alter the stems had retted for several 
i.t‘naa the iiher wa.s .stripfped b}' hand, washed, and dried in the sun. 

RESULTS 


Table t.—Fkint populaikm, - height, and average weight of Urena lohata plants 
when kimie sled y mmith-s afte/r 


. 

' , ' ' ■ ■ ■ ■ ■ 

. ■ ■■ ' ; 

■' Planting rate 

' ' 

■Number 
of plants 
pjcr 

sq. vard 

Number 
of plants 
per 
acre 

PI eight 
of plants, 

\ feet ' 

Average 

weight 

per 

plant, 

grams 

T S'* ' '/I’jtll , 

27.0 

130,68a 

8.3 

129.8 

40 ihs. {HT acre 

1 «- i 

1 26.3 

127,292 1 

7.1 

i 53'7 

35 Ib'L per, . ... . ■ 

b ■aO.'O ',' ; 

, ,145,200 c 1 

7 -f> 

104.1 

30 lbs. per acre .'-.c . 

1 ■ 294 ■ 

141,812' i 

7.0 

86,8 

25 lbs, per acre . , . . 

! „ '^25.3 

12-2,452 i 

■ , 7 -ib 

82.1 

20;lbs.j)er acre, .0, ; 

i 24.0 

1 16,160 ! 

7.0 

113,2 
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Table i indicates that although the plots were seeded at different 
rates, little variation resulted in the ultimate plant stand between 
treatments. iVlthough the 40-pound treatment was seeded at twice 
the i^ate as the 20-pound treatment, the average number of plants 
per square yard was 26.3 and 24, respectively; while both the 30- 
and 35-pound treatments had a higher a^^erage stand of plants than 
did the 40-pound treatment. 

Considering the number of seeds per pound and the resulting num- 
ber of plants per square yard which should have developed in each 
of the different planting rates, an average of only 17% of the seeds 
planted produced nicitiu'e plants. For example, seecliiig at the rate 
of 30 pounds per acre should have resulted in approximately 157 
plants per square yard, but in this treatment only 29.3 plants or 
18.6% of the theoretical plant population reached maturity. The 
only treatment in which the theoretical plant population ecjualed the 
actual plant stand obtained was in the plot planted 8 inches between 
rows and 6 inches between plants. Planting at this distance should 
have consumed between 5 and 6 potmds of seed witl:i carpel parts per 
acre. However, as Urena lobata seed is very small and seeding by hand 
to the exact distance and number of plants per hill was exceedingly 
difficult, approximately 25 pounds of seed, per acre were sown. In 
spite of this excesshm seeding rate, the plant stand at harvest timc^ 
v/as 2 7 plants per square 3^ard or exactly the theoretical number if 
only one seed had been dropped evexy 6 inches in rows 8 inches apart. 
Regardless of the diffeixuice in rate of seeding between the various 
plots, the t>iant population at harvest time was not gi'eatly diffexxnt 
among the various treatments. This xahenomenon can be attril^uted 
to two factors. Although the percentage germination of this seed was 
not determined before planting, it was clearly evident that a consider- 
able amount did not geiiiiinate. More impoidant, however, is the fact 
that in all the plots at haiwest time a number of dead plants of ap- 
parently all ages were obseiwed. All evidence points to the fact that 
under the environmental conditions of this investigation, 30 plants 
per square yax'd was the inaximum plant population which this partic- 
ular soil type could support. In other woi-ds, regardless of seeding 
rate, self thinning of the plaiits due to competition resixlted so that 
an average of 27 plants per squain yai'd was obtained. 

The data in Table i also show there was considerable variation 
in the average weight per plant. This was due primarily to non- 
uniformity of seed gei'mination. As previously pointed out, when the 
plantings were 23< months old, germination of the seed had been 
very slow and irregular, and in xnany places in the field thei'c were 
bare spots where no seed, had gemiinated. Duxing the first part of 
September, however, the remaining seeds in the ground gave evidence 
of having germinated ; and the plots presented a favorable appearance, 
although the plaxits were not uniform in height and those which had 
started growing had branched considerably. The result was that there 
were some plants with thick stems and large braiXGhes, w other 
plants which germinated late w^ere thin-stemmed and unbranched. 

By harvest time the plants had attained a rather uniforni height 
(Table i) with an average stem diameter of about yi inch, and upon 
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close observation little difference could be detected in plant stand 
among the treatments. Although care was exercised in selecting the 
samples of plants, considerable error tvas introduced as a result of 
the limited samples used. 

Yield data in Table 2 show that the yield of liber per plant was 
not gmatly diitereiit between treatments. This indicates that in no 
treatment did the ultimate stand of plants approach the point where 
competition between plants was great enough to decrease- the rate of 
growth and the production of fiber. 


Table 2. — Yield mid percentage Jiher of the green weight of Urena lobata stems 
groton at different planting rates, Aguacate, Cuba^ ^943 > 


Planting . 
rate 

Fifyar 
per plant, 
giMins 

Per cent fiber 
of the green 
weight of 
stems 

Yield of fiber 
per sq. yard, 

■ grams 

Fiber yield 
per acre, 
lbs. 

8 X 6 in 

70 

5*5 

196.0 

2,089 

Ihs. jK'r at.'re . , . 

1 9-2 

6.0 

1 86.0 

1,982 

35 Iba. fjer acre. . . 

1 6.0 


179.0 

1,908 

30 lbs. pur a<.'re . , . i 

i 5-5 

1 b .3 

161.3 

1,719 

25 lbs. per aure. . . i 

1 4-5 

5 *5 

116.3 

1439 

20 |:)e:r acre - . c 

i 9,5 j 

5.7 

136.6 

1.456 

Average. 

^ J 

1 5 -B 

162.5 

i 1,732 


Thi? yidil <,>f fiber |,)er acre, l>ased on the average yield of fiber per 
Sifuam yard, had a tendency to deereuvse with a decrease in planting 
rate. ll.ie data presented in Table 2, however, leave some doubt as 
to whethei* significant difterencas exist in yield of fiber among the 
variiHts trccitaiiienlH. From the standpoint of unifomiity of plant 
gnnvtln liowever, which is highly desirable in fiber production, the 
rccoiiimendation is that this plant be planted in rows rather than 
broadcast. ■ 

The percentage fiber of the green weight of the stems was practi- 
cally tJie same for all treatments with an average of 5.8, Here again, 
little diilerem:e in plant population among treatments was evident 
lor the percentage of fiber has been showm b}^ research workers, 
working with other fiber plants, to be higher in thin-stemmed, 
densely growing plants than in thick-stemmed, sparcely growing ones. 

AvS a basis for comparing fiber yields from malva blanca and kenaf, 
Hibiscns caunahinus, yield data obtained from plantings of the latter 
plant grown at Cent ml Rosario during the vSame season and, therefore, 
under identical s«)il and c!ima.tic conditions, are presented in Table 3. 
The kimiii planting was located next to the malva blanca plots on 
the same type of soil aiul i?1entic\al seed]}e(l preparation was given 
both plantings. During the last week of May, 1943, 40 cordeles 
(about, acn'sl of kenaf were planted in 8-inch rows with 6 inches 
hiftwoen plants. When the plants were So days old and 11 feet tall, 5 
conieles were cut, and llie fiber was extracted by hand after the stalks 
luiil nuted stu'eral days. The same procedure was followed every 
to tlays thereafter up to and including 120-day-oId plants, when the 
plants were in . . ^ 
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Data in Table 3 show that with an increase in age of kenaf plants 
there was a progressive increase in the yield of liber until, at the x 20- 
day stage over 3,000 pounds of dried fiber were produced per acre. 
The fiber in the stalks averaged 6.3%, but this was bapd on the 
weight of the plants after they had been cut and dried in the field 
for 3 days before retting. Other investigations conducted on the kenaf 
plant in Cuba have showm that the fiber content of the green stalks 
is S-S% at the time of blossoming and is, therefore, very .similar to 
the percentage of fiber in malva blanca stems. 


Table 3. — Yields 0} fiber obtained from 5 cordeles {approximately K acre) of different 
aged kenaf plants, Hibiscus canuabinus, grown at Agimcate, 

Cuba, I 04 J. 


Age of 
plants 
when cut, 
days 

Time of 
retting, 
days * 

Stalks 

retted, 

lbs. 

Dried hber 
obtained, 
ibs. 

Fiber, 

(U 

/€ 

Fiber yield, 
per acre, 
lbs. 

80 

7 

14,040 

720 

5-y 


90 

8 

I 3 r 390 

850 

6,3 

1,768 

100 

10 

16,050 

h 075 

6.6 

2 ,i 75 

no 

1 1 

HS 7 S 

1,095 

7*5 

2,237 

120 

12 ; 

24,700 

1,500 

6.r 


Average 

9.6 

16,551 

1 1 ,048 

6.3 1 

2,141 ■ 


DISCUvSSIO.N' 

Urena lobata, when grown on fertile soils and with accompanying 
climatic conditions which promote good growth, is capable of pro- 
ducing favorable yields of fiber. However, e.x:perience with this plant 
has demonstrated that careful consideration must be given the 
various cultural factors involved for its successful production. 

Perhaps, from an economic standpoint, the Soil requirements of 
this plant will restrict its production to localized areas where the soil 
is exceptionally fertile. This experiment was conducted on one of 
the most fertile soils in Cuba and the yield of fiber per unit of land 
should not be interpreted as being representative of yields to be ex- 
pected on other soil types or in other locations. This planting was. 
by far, the best in regard to growth and stand of plants of any ever 
seen by the authors and was the exception rather than the rule. Ex- 
perimental row and broadcast plantings made during the summer of 
1942 by the Cuban Ministry of Agriculture in Pinar del Rio Province 
on a sandy loam soil yielded fiber at the rate of less than 1,000 pounds 
per acre and the tallest plants were less than 6 feet in height. All 
evidence points to the fact that Urena lobata should be planted only 
on fertile soils similar to the Matanzas clay. Lack of this Icnowledge 
by experimenters has undoubtedly been the primary reason for many 
failures with this crop in the past where it has been grown on un- 
productive or unadapted soils. 

. It seems probable that there is a maximum or optimum number 
of plants that a given soil under certain conditions can support per 
unit of area; and until this has been determined for all soil types, a 
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general iT^comnieridation for the best seeding rate cannot be made. 
Hf'Wi'ver, on siu'h soils as the Matanxas clay, it appears wasteful to 
plant at a rale hemacr than 5 to 6 pounds of seed per acre which 
results in [ippujximately 30 plants per square yard. These figures are 
ijasc’d on unscarificMl seed not free of carpel parts and assumes that 
ge rminal ion is loo^ ^ . Tliis investigation, however, sliows the result- 
ing fin tiieul ties when uncleaiied and unscarified seed is used. Geniiina- 
tievn is s'ery iriv^gular and takes ])]ace over a period of 2 or 3 months 
wiili the result that the planting is compr)scd of plants of different 
si/ees and oi di.ffeix'nt ages. It is reeonmiended, therefore, that before 
ifiiaiuing f ’rcna iobata seed be searillcd eithm' with a nieehanical seed 
seariiicr <»r t>y llu' use ec^neenirattol sulfuric acid. Exceilent results 
b’.'^.-n obtained with hoili methods by tvorkers in the United 
Suttos. belweeii j. and 5 pounds of sc'arified seed to the acre is ade- 
quaio 0^ givi.‘ appn'oxiniately 30 plaaits to the square yard of land. 

Cnsiisiflering the relatwe advantages and disadvantages of Urena 
!orina a'S. kenaf, the aullnrs are 01 the opinion that the latter, for 
re\'eral masons, is iK-tter adapted than tlie former to ptroduction 
undt'r rid MU a< aHjitif tns. Kenaf has been gtvtwn on various vSoils at 
diaeroHt looaiinns in thiba and the plants appeared to do equally 
vail. ld'u‘ .^'ced * *i‘ liiis ] ilaiil gvnuinaies in ab(ut 72 hours and scarifica- 
tion is unuv-rossary. dduliong’n rajridiiy of gnawth might not be an im- 
fas'tMf in ooriain St-vTsonal (‘rop ])rograins, nevertheless, in 
tif?' inmii sliorter grmviiig soason re(|iiircd by kenaf might 
work to iid'canUige. 

Another outwi aiuling factor whirh favors the ])rnduction of kenaf 
rat la r ilian rrcua in ('uba is the nda])lalnlity of the former 

\^} rnorriani<‘al <ieco»n ieatiou in iKsiKHiuon deeorta'utors. On the other 
iho wondy condition of f Vccf/ Wei/a stems at harvest time 
noc('Ssilatcs their being defiben-d by ihe slow and Cf^stly process of 
t'eiiiiig, Alliiorigli in dale ii has not l?cvn definitely dcterniiiied by 
manufacturers that decorticated, unclegummed kenaf- fiber is .satis- 
factory in all respects, nevertheless, this type of fiber has- been 
■processed siK.:cessfully in Cuba, on jute spinning equipment and on 
hard. fiber (henequen) rope, machinery.. 



CHEMICAL COMPOSITION OF SIXTY^FOUR SPECIES 
OF RANGE PASTURE GRASS GROWN ON A 
VICTORIA CLAY LOAM SOIL^ 

G. S. Fraps and J. F. Fltdge^ 

D ifferent species of grass grown on the same soil may differ 
significantly in chemical composition (i, 3, 6)/" Appreciable 
differences in chemical composition are of practical importance, 
since they determine to a considerable' degree the feeding cpialities 
of the forage. They are of especial importance in the consideration 
of species of grass for the reseeding or improvement of depleted ranges. 
A given species may be a good one because of t^’pe of growth, ease 
of establishment or maintenance under range conditions,, or palata- 
bility, but a poor species on account of chemical composition. For 
example, angleton grass, Andropogon annulatus, possesses some highly 
desirable characteristics (5) but is sometimes low in protein and. 
phosphoric acid as compared with other species (7). A study of the 
comparative chemical composition of different species of grasses 
grown on the same soil was therefore considered desirable. Under 
ordinary range conditions, such a study is limited by the compa.ra~ 
tively few species found on a gi\'’en area. An opportunity to study 
the chemical composition of a large number of species grown on the 
same soil and under uniform conditions was afforded by nursery 
plantings made near San iVntonio, Texas, by the Nursery Division 
of the Soil Conservation Service, U. vS, Dept, of Agriculture. 

MATimiAL AND METHODS 

In establishing the nursein^ pure plantings of the different species were made 
either from seeds or by vegetative propagation. Many of the most important 
species found on Texas ranges were included, as well as some species •which do 
not occur on Texas ranges but which seemed to offer promise for Introduction. 
Plantings were made in rows on a uniform, level area of Victoria clay loam. A 
sample of the soil (o to 6 inches in depth) was found to contain 0.108% total 
nitrogeiy 0.078% total phosphoric acid, 50 p.p.m. of phosphoric acid soluble in 
0.2 N nitric acid, and had a pH of 8.01 and a capacity to neutraliise acid equiva- 
lent to 13.15% calcium carbonate. The soil was calcareou.s, fair in total nitrogen, 
and deficient in active phosphoric acid. The plants of all species were well estab- 
lished and growing vigorously when sampling was begun. Samples numbering 
336 were collected in June, August, and October of 1937 and in February, April, 
and June of 1938. Samples of a few species which are of importance only in the 
earN spring were collected only in February and April, 1938. 

The samples taken represented the entire gmwth up to the date of collection. 
They were packed loosely in cheesecloth bags, dried at about 45° C, and ground 
in a Wiley mill. Protein, phosphoric acid, and lime were determined in all saAiples. 
Crude fiber, nitrogen-free extract, fat, ash, and water were determined in samples 
collected in June, August, and October, 1937, and in February, 1938. 

Contribution froni -the Division of Chemistry, Texas Agricultural Experiment 
Station, College Station, Tex. Received for publication November 3, 1944. 

Cliief, Division of Chemistry, and Chemist, respective! v. The writers grate- 
fully acknowledge the cooperation of C. B. Webster, Chief Nurseryman, Soil 
Conservation Service, U. S. Dept, of Agriculture, and his coworkers in securing - 
the samples, and of T. L. Ogier, W. Walker, and others in the Division of Chemis- 
try for assistance in the analytical work. 

Tigures in parenthesis refer to “Literature Cited”, p. 257. 
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, EXPERIMENTAL RESULTS 

The botanical, and common names of the species sampled, their 
classification as to habit of growth, whether tall or short, and usual 
habitat, whether from the humid or subhumid section of the state, 
and a,verages for various chemical constituents are showm in Table i. 
Protein and phosphoxic acid are the principal limiting factors m 
range animal production and the percentages of these constituents 
are known to decrease with advancing maturity. For these reasons, 
unweighted average analyses were calculated for protein and phos- 
phoric acid in samples representing young (early vegetative stage), 
intermediate (late vegetative and bloom stages), and mature growth. 
All of the samples collected in April, most of those collected in June. 
1937, and a few of those collected in February were of young gi'owth, 
Nearl}^ all samples collected in August and in June, 1938, were of 
intermediate growth. Nearly all samples collected the last of October 
and most of those collected in Febmary were of mature growth. 
Averages given for lime, crude fiber, and nitrogen-free extract were 
calcukited from analyses for all samples of each species. Crude fiber 
and nitrogen-free extract were not determined in samples collected 
in April and June, 1938, Averages for water, fat, and ash are not given 
in Table 1 l)ecause they are of minor importance. Water in nearly all 
dried samples ranged from 6 to 8%. Analyses given in Table 1 are 
for tlie sam|,)les as dried. The data were also averaged for gx'oups of 
spciies according to their lial;)it of growth or usual habitat. Detailed 
discussit.)!! of the data is precluded Ixxviuse of the limitations of space. 

PROTEIN 

Protcin in the young gnisses ranged from 18.2% in Paniciim anti- 
chtale to in Muhlcuher^ia iitilis, ("ynodon dactylon and Paniciim 
aniidotalc contained more than 15% protein, 22 other species con- 
tained from 10.5 to 15.0%, and 38 species contained from 7.1 to 15%, 
,P;ri::)teiu avemgod rdativehr high in Cynodon, Chlor is, and Paspalum 
S|,>ei‘ies tirid low in Hilaria and M iihlenbergia species. Protein was 
relatively high in samples oi Agropyron Smithii, Agropyron cristatmn, 
and Bronms catharticns collected only in Februaiy and April. These 
grasses are grazed only in early spring, : ■ 

Protein decieased rapidly in most species as they passed from 
young to intermediate to mature stages of growth. At intemiediate 
stages of growth, 14 species contained les.s than 6% protein, and 
hence were deficient in protein for range beef animals (3). In the 
mature growth, protein ranged from ix.3% in Panicmn antidotale 
to in Sporoholiis as per Hookeri, Nineteen species contained 

from 6.0 to 10.3% and 30 species contained less than 6.0% protein. 
The relative eiTed: of maturity upon the protein content varied 
widely tvilli (liffereni species. When yoiuig, Bermuda grass was much 
higher then hufiahx grass (15.7 vs. 8,7%) but was slightly lower when 
malmu (5,8 vs, 6.4%). Young growth of Eragrosiis curmila and E, 
Lehman niana contained about the same percentage of protein (10.3% 
vs. 9.5%), but, when mature, £. Lehnumniana was much higher than 
„E. cunmla ( 6 . 6 % vs. 4*3%)* Protein in gra.sses eomrnon to the humid 
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section of the state averaged higher than those from the subhumid 
section -when young and lower at intermediate and mature stages 
of growth. Protein in short grasses averaged higher than in tall grasses 
throughout the year. 

PHOSPHORIC ACID 

Phosphoric acid in the young growth ranged from 0.69% in 
Cynodon dactylon to 0.32% in Stipa leticoiricha, and in mature grasses 
from 0.44% in Paspalum distickimi to 0.14% in Hilaria Jamesn. 
Phosphoric acid averaged highest in Cynodon and Paspahmt species 
and lowest in Andropogdon and Hilaria species. SUpa leucatricha 
(0.32%) was the only grass which contained less than 0.33% phos- 
phoric acid, and hence could be considered as slightly deficient in 
phosphoric acid, while the others were not deficient. When mature, all 
of the species, except disiichiim, P. Hariwegiamim, P. 

notatim, P. virgatinn, and Cynodon dactylon, were deficient in phos- 
phoric acid, although several species were only slightly deficient. 
Phosphoric acid was considerably higher in short grasses than in 
tall grasses at all stages of growth, and the relative decrease due to 
maturity was smaller in the short grasses. 

RELATION BETWEEN PROTEIN AND PHOSPHORIC ACID 

In general, protein and phosphoric acid were closely related, but 
there are many exceptions. A relatively high protein content was not 
necessarily an indication of a correspondingly high phosphoric acid 
content. Mature Paspahm lentiferum was much higher than P. 
mginatum in protein (5.9 vs. 4-S%)7 but only about half as high in 
phosphoric acid (0.20% vs 0.35%). Panicum antidotale contained 
practically the same percentage of phosphoric acid but twice tlie per- 
centage of protein as Paspalum vaginatmn. Eragrostis cunnda was 
considerably higher than E. Lehmmmiana in protein but only half 
as high in phosphoric acid. 

Advancing maturity or dry weather had a greater or earlier effect 
upon the protein than upon the phosphoric acid. Protein and phos- 
phoric acid in all samples collected on June 30, 1937, averaged S.9% 
and. 0.40%, respectively^ Corresponding averages for samples on An- 
gust 12, 1937, were 6.9% and 0.34%. Advancing maturity had reduced 
both protein and phosphoric acid, but the relative x'eduction in pro- 
tein was considerably greater than in phosphoric acid. Protein and 
phosphoric acid in samples collected in June, 1958, averaged 7 . 0 % 
and 0.41%, respectively. Samples collected in June, 1937, after 'a 
favorable period of growth, were much higher in protein than those 
collected in June, 1938, after a long, dry period, but the unfavorable 
growing conditions during 1938 had no effect upon the average phos- 
phoric acid. 

When both protein and phosphoric acid are considered, several of 
the species were particularly outstanding. Cynadcn dactylon, Pas- 
pahmi distichiiMy P d Hariwegi^^ relatively high in pro- 

tein and phosphoric acid throughout their growth. Chloria euctillata, 
Cynodon pleciostachvum, Paspalwnnotatum, and Sataria niacrostachya 
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were high in pTxnein and phosphoric cicid when young but not when 
older, A sample of Agropymt criskituu-i collected in April 29 contained. 
25,0% protein and o.Si% phosplioric acid, the highest in any sample 
analyzed. While a few species were superior, most' of tlie species were, 
relatively uniform, 

OTHER CONSTITUENTS 

. Lime was relatively high in all species, but Cynodon, Paspcilnm, 
Chloris, and Boutelmui species were considerably higher, and Andro- 
pogon a,nd JlilaHa s|)ecies* lower than most of the other species. Lime 
in 'most species rvas not greatly aitected by advancing maturity. In 
some s].>ecies, lime was highest during early growth and in others^ 
during late growth. Lime was much lower in tall grasses than in 
sliort^ grasses. Crude filler averaged less tlia.n 2.4% in Cynodon dactylon, 
Buchloe daciyloides, Bonteloiia ngidiseta. and ’Paspahtm disUchtmt, 
and over in slytutiI of the species of tall growth habit. Fiber 
toreraged relatively low in Cynodon species and relatively high in 
Andropogouy EragrosHs.micl Sporobolus species. Nitrogen-free extract 
avera.gecl n\'er 50^^ in Cynodon dactylon (St. Lucy) and Paspalmn 
di.^tichuin. Nitrogen -free extract a^'eragcd front 40 to 42% in most of 
the yi.niug grasses and from 45 to 50^’j in most mature grasses. Nitro- 
gen-free extract was higher and c'nide liber lower in short grasses 
.than in tall grasses. 

c4:utPAinsoK on grasses as forage fok .range beef animals 

. Cattle in the subhiimid section of the state are generally superior 
I ilE.>se found in the humid section. The question is often raised as 
to whet licr tins sut)eriority is line cdiiefly to differences in the chemical 
cm'n|,)r>silicni of tlic iliiTcrent. grasses foti.nd on ranges in the two sec- 
ti<niSr, Sliort grasst'S, especially buffalo, curly rnesquite, and various, 
grama gnisses, predominate on the ranges in the subhiimid section. 
Forage on native pastures in the humid section is principally com- 
posefi of varicuis Andropogous, particularly A. scoparius and A. pro- 
vincialise with small amounts of Sorghastrmn mitans, Tripsacum 
dadyioidcSe a.nd some of the less desirable Panioiim, Paspalmn^ and 
Eragrostis species. Nearly all of these species are tall grasses. The 
data presented in this paper show that, on the same soil and under 
uiiifonn growth conditions, tlie grasses commonly found on the un- 
im|:>ro\*ecl pastures of the humid section are somewhat inferior to 
tiiosc feund on the native ranges of the subhumid section, [jarticu- 
laiiy during later stages of growUn Forage on improved pastures of 
t!K‘ Inimiil sccaion is made up principally of Bermuda, carpet, and 
various Ihuipalnju grasses, partidilaiiy Dallis grass (7), These grasses, 
were superior tf,> the shi'iri grasses f>f the subhumid section in both 
pmu'in and ]>hosphorii‘ acid when young and in phosphoric acid when 
matunc Carpet grass, Axnmopits affiniSe was not included in the 
imescnt. study, but other work (3, 4, 7) has shown that this grass is 
greatly inferior Bermuda and DalUs grasses. 

During the winter and the ver^^ dry weather of the summer, the 
deterioration iu all of thc\se grasses on ordinary ranges is considerably 
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greater than in the grasses of the snbhnmid section. Moreover, the 
soils of the humid section of the state are usually much lower in 
nitrogen, phosphoric acid, potash, and lime than the soils of the sub- 
humid section (2), and hence can usually be expected to produce 
forage of lower quality, irrespective of the ' comparative chemical 
composition of the different species when grown on the same soil. 

In general, it may be concluded that, if grown on the same soil, the 
grasses providing the bulk of the forage on the ranges of the subhiimid 
section are superior to those on the native pastures of the humid sec- 
tion, but may be no better than or sometimes slightly inferior to the 
grasses found on the improved pastures of the humid section. 

SUMMARY 

Protein, phosphoric acid, and lime were determined in 336 sampiles 
of 64 important species of grasses grown on a Victoria cla}^ Itxsm at 
San Antonio, Texas, collected on six dates covering a period of over 
a year. Crude fiber, nitrogen-free extract, water, and ash were 
determined in 222 of the samples. 

Considerable differences in chemical composition were found 
among the various species of grasses. These differences were found 
not only among diffei'ent genei'a but also among different species of 
the same genus. Percentages of protein and phosphoric acid wore 
generally relatively high in Cynodon and P as pahim species and. rela- 
tively low in Andropogon, Plilaria, and Eragrosiis species. Advaiuing 
maturit}?' greatly decreased' the percentages of protein and pliosphoric^ 
acid in all species, so that many were deficient for beef cattle in phos- 
phoric acid and protein. The relative decreases differed considerably 
with differences in genei*a and species. The relative decrease due 
maturity was least in short grasses commonly found in the subhumid 
section of the state and greatest in tall grasses ordinarily found in the 
humid section. 

Species of grasses of importance to the native pastures of the 
humid section of the state averaged lower in protein and phosphoric 
acid and a much larger proportion of the samples were deficient in 
these constituents than is the case in species of importance to the 
ranges of the subhumid section. Species ordinarily found on im- 
proved pastures of the humid section may be as good as or better 
than those of the subhumid section. 
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m EVALUATION OF KENTUCKY. JELUEGR ASS ‘ 

B. A. Brown and R. L Munsell*^ 

M any times during the last 20 years, agronomists of the North- 
east have spoken disparagingly of Kentucky bltiegrass. Some 
of the shortcomings commonly mentioned are (i) low total yield; (2) 
little growth in midsummer; (3) unpalatable if not kept short; (4) 
strong competition for other species, especially legumes; and (5) 
fertile soils or liberal fertilization necessary. 

The authors are among those "who have emphasized the weak 
points of Kentucky bltiegrass and have spent much time in testing 
other grasses. After many years of such work, considerable data have 
accumulated and these wall be summarized in this paper. For the sake 
of brevity and because of the limited scope of the subject, onl}^ results 
from the “commerciar’ lots of seed of each species will be considered 
at this time. 

SEASONAL AND TOTAL YIELDS 

Four experiments involving Kentucky bluegrass and otlier grasses 
have been conducted for two or more years on fields of Charlton fine 
sandy loam soil on the Station Farm, £it Storrs, Conn. In the oldest 
experiment (No. i of this paper), nine grasses were sown in pure cul- 
ture in September, 1935, on soil not limed since 1919 and whieh had 
a pH of 5.6 before seeding. Since 1936, duplicate plots of each grass 
have been exposed to six different treatments in addition to the gen- 
eral PK fertilization. These treatments are (i) none, (2) Kent clover 
seeded, (3) ladino clover seeded, (4) nitrogen at 28 pounds in April, 
(5) nitrogen at 28 pounds in April and repeated in June, and (6) 
nitrogen at 28 pounds in April and repeated in June and August. In 
all cases, the vegetation was mowed when 4 to 5 inches high by a 
motor lawnmower set to cut i inch above the ground. Under this 
management, five of the nine grasses soon had such poor stands that 
their yields will not be presented here. Those five species were Canada 
bluegrass, Poa compressa, tall oat grass, Arrhenathenmi, meadow 
fescue, praiensis, smooth hrome grass, Bromns inermis, and 

perennial rye grass, Lolmm perenne. 

These and some of the following results corroborate data published 
by Wiggins in 1923.*^ 

The seasonal and total yields of dry matter for the other four 
grasses under two different types of treatments are presented in 
Table i. The data in the table show that, either with ladino clover 
or alone under intensive nitrogen fertilization, Kentucky bluegrass 
yielded fully as much dry matter throughout the season as Rhode 
Island bent grass, orchard grass, or timothy. During the later years 

^Contribution from the Department of Agronomy, Storrs (Connecticut) Agri- 
cultural Experiment Station, Storrs, Conn. Received for publication November 
16, 1944. . . 

^Associate Agronomist and Assistant Agronomist, respectively. 

AWiggans, R. G. Studies of various factors infiuencing the yield and the 
duration of life of meadow and pasture plants. Cornell Univ. Agr. Exp. Sta. Bui. 
424. 19^3- 
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of this experiment, timothy had poor stands and considei'able Ken- 
tuck}^ bluegi*ass volunteered. To a much lesser extent, this was also 
tnie of orchard grass. However, an examination of the results for 
any one or combination of the seven seasons would lead to the same 
conclusions as drawui from the summaries in Table i . 

Table i, — Seasojuil and iota! yields of four grasses in experiment No. x. 


Grasses seeded"^ 


Pounds of dry matter per acre, ave* 1936-421 


Before 
May i 6 i 


May 16- 

June 16- 

July x6- 

Aug. 16- 

After 

To-* 

June 15 

July 15 1 

1 

Aug. 15 

Sept. 15 

Sept. 15 

tal 


When. Laditio Clover was Seeded with Each Grass 


Rhode Island bent| 
Kentucky blue- 
grass. ......... 

Orchard grass . , . , 
Timotliy 


Rliode Island bent I 
Kentucky blue-’ 


grass. ... 

Orchard grass . . . . 
Timothy’ 


3S0 

701 

615 

673 

479 i 

198 

3,046 

473 

789 

59 ^ 

698 

462 

203 

3.216 

332 i 

SS.-? 

507 

5 H 

332 

128 

2,396 

416 j 

732 

1 503 

553 ; 

349 

154 

2,707 

!ceived 

28 lbs. of Nitrogen per Acre in Apr. June, and Aug.f 

502 

700 

567 

448 

445 

457 

2,819 

579 

674 i 

626 

464 

447 

137 

2,927 

605 

704 

612 

399 

320 

152 

2,792 

739 

83S 

523 

390 

342 

106 

2,938 


arass was seeded alone in September loas and on certain plots, ladino clover was seeded 
tlu' followini? ypnitK. The botanical names of the grasses are Rhode liiland bent, Agrasiis temiis; 
Kentucky bkegrass, Pan pnilensis; orchard grass, Daciylis and timothy, Phleuni 

praknfic. 

fYields Cite averages of duplieate, so X S foot plots, !av,minowed when 4 inches to i inch, eight 
times per sea*son, ^ 

t Nitrogen from eahiitro. All jdots received superphosphate and muriate of potash before seed* 
ing and In ipAO, iP 4 n, and 1941- In 3:935, the soil, which had been Hmedlaat in 1919, had a pH of 
5.<L 


III a second lawnmowing experiment, several grasses were seeded 
alone and wuth Ladino clover on triplicated 40 X 6 foot plots in the 
spring of 1937, Before seeding, the entire field received limestone at 
the rate of 2,000 pounds to the acre, 16% superphosphate at 500 
pounds, and 50% muriate of potash at 200 pounds. Each year, nitro-* 
gen at 2 S pomids per acre was applied in April, June, and August to 
the grasses seeded alone, but no nitrogen was added to the grass- 
latlino mixtures. The plots were lawnmowed several times that 
season, but yields were determined on only two dates, July 7 and 
August 3. The yields wore measured from ii cuttings in 1938 and 7 
cuttings in 1939. 

The total yields of dry matter for all cuttings weighed during the 
3 years are given in Table 2. Where the grasses^ were seeded alone 
and I'cceived liberal nitrogenous fertilization, Kentucky bluegrass 
had slightly higher yields than orchard grass and timothy and con- 
siderably greater production than Rhode Island bent and perennial 
rye grasses. Where Ladino was seeded with each grass, Rhode Island 
bent and timothy yielded about 10% above and orchard and peren- 
nial rye grasses slightly below Kentucky bluegrass. 
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Tabde 2. — Yields of five grasses in experiment No. 2. 


Grasses seeded 

Total potmds of dry matter per acre, 1937-39* 

Grasses alone 
plus nitrogen t 

Grasses with 
Ladino 

Averages 

Kentucky bluegrass 

7,202 

7t597 

7*400 

Timothy. 

6,809 

8,248 

7*559 

Peremiial ryef. . . - 

5.728 

7.183 

6,456 

Rhode Island bent 

6,335 

8,306 

7*351 

Orchard ^^rass , 

6,918 

7,265 

7,092 


’J'Total yields from 2 lawnmowings in 1937. n in 193^, and 7 in 1939. 

i'A total of 84 pounds of nitrogen per season, equally divided into April, June, and August 

applications, . , . 

^English rye grass, Lohum perenne; not domestic rye grass. 


In the third experiment, started in 1938, Ladino clover was seeded 
alone, with orchard grass, and with Kentucky bliiegrass on a field 
which had been fertilized liberally for potatoes in 1936 and 1937 and 
heavily limed in 1938. Each seeding was made on nine 60 X 10 foot 
plots which, in 1939, were divided into three differently fertilized 
groups. None of the fertilizers carried nitrogen. In this paper, only 
the average results for all of the nine plots will be considered. 

The plots were cut with a tractor mower four times each season, ex- 
cepting 1943, when, due to extremely dry weather in August and 
September, the fourth (October) cutting was omitted. This method 
of harvesting is, of course, much more favorable for orchard grass 
and probably for ladino clover than the lawnmowing practiced in 
the first and second experiments. For this reason and also because 
in Connecticut orchard grass has been considered more valuable than 
Kentucky bluegrass for dual purpose hay and pasture seedings, the 
yields for each cutting during five years (1939-43) are given in Table 3 . 

In most of the 19 comparisons, ladino alone yielded less, on the 
average 10 per cent less, than when seeded with either of the grasses. 
In II of the 19 cuttings, the orchard grass mixture yielded more than 
that with Kentucl<y bluegrass. Of the 14 comparative yields after the 
first cuttings, the orchard grass mixture w'as superior to the Kentucky 
bluegrass mixture in 10 cases. The differences were small, however, 
and the 5-year total yields averaged the same, 4,800 pounds per acre. 
It should be emphasized that all of this fairly large, annual yield of 
dry matter, equivalent to 2.75 tons of hay, was high quality forage. 

It may be noted that in the first cutting of 1943, the yield of the 
orchard grass mixture was much less than the one with Kentucky 
bluegrass. This was due to the orchard grass having suffered con- 
siderable weakening and killing during the unusually cold weather 
of the preceding winter. 

In a fourth experiment, 50 varieties and strains of grasses were 
seeded alone in August 1940 on triplicated 50 X 8 foot plots. Lime- 
stone at I ton to the acre and 47% superphosphate and 50% muriate 
of potash at 200 pounds each per acre were disked in before sowing. 
In both 1941 and 1942, nitrogen at 30 pounds per acre was applied 
in April and repeated after the first and second cuttings. The plots 
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Table 3. — YlHds of orchard grass and Kentucky bluegrass when seeded with laiino 
clover and cut four times per season in experiment No. 

Pounds of dry matter per acre 

Species seeded f 


H)39 

Ladinoalone 657 1,771 1,260 787 4,476 

La dino d- or(JatiTl grass 1,246 1,989 1,370 I,i8i 5,786 

Ladino ~r iCentucky bluograss 1,301 LB57 1,021 1,303 5,482 

1940 

lauiincr alone 974 1,936 1 1,286 78S 4,984 

laidiiKi d" orchard 1,290 1,901 1,438 871 5,500 

Ladiiio Iveritiicky bluegrass j 1,553 1,792 ! 1,199 677 5,221 

1941 

laidino alone 1,415 1,308 905 265 3,993 

laniino d- oiaJiard goass. . . . . . . 1,990 1,675 857 240 4,762 

Ladino d- Ke.ntiu’k}- bluegrass 1,708 1,708 744 336 4,496 

1942 

Ladiiifi alone, ^ | 2,031 j 1,347 I 876 629 4,883 

Ladinn e orcriri/rtl j 2,040 L499 1,043 739 5,321 

Ladiuo d" Kianuek’c iilucgrass | 2,262 1 1,637 1 908 671 5,478 

I 943 t 

3.365 

2.659 

3.395 


A\’ern,gcs for 5 Years 


Ladirio ulone. 

.. 1,192 

1,639 

995 

494 

4 k 320 

Lbdino -j- oruluird grass. , . . . 

■ ■ 1.438 

1,704 

1,057 

606 

4,805 

Laclinti 4" Kiauurkyr blueyra 

SS ! ,684 

1.647 

886 

597 

4,814 


"'■Thc' liveniao Calc.s ti? cr.tt.inf.{ were June, 5. July 18, August 24, and October 18. 
tLu;n'ri‘> seefjed :*t n poiinds, with either grass at 3 pounds. Orchard grass was seeded at 
h p.'uiuih', K(..-tUisc]:y at 12 pounds. . 

11043 was a \a‘ry dry setison, especially in August and September, and consequently there was 
tocM,iU;le grovvth to Jiistify an October cutting. 


admn at uK.' 

884 

1,831 

650 

adino H- or^-bard cruss 

625 

1 ,458 

576 

.adiiKj 4- Kuidiiuky bluegrass 

1 ,596 

1,242 

557 


First 

i 

vSecond 1 

Third 

Fourth 

euttinj4 

■■ 1 

cutting- 

cutting 

cutting 


were tractor mowed for yields on June 3, August 3, and October 21, 

1941, and on June 10 and August 2 1 , 1942. Only the results from the 
*‘conHiKwciar’ stmins of the common grasses are given in this x^aper i 

(Tabled). ■: : . " ' ! 

The larger grasses, timothy c orchard grass, a, nd meadow fescue, | 

had the liighesl average yields for the first cuttings, but redtop and j 

Kenitu'ky Idiicgrass were superior for the second crop. On the basis ! 

of t.he total yields Cor both years, there is little to choose between j 

timothy, Kentucky bluegrass, aiul orchard grass. Notes taken in 
July, 1944, sliow that Kentucky bluegraSvS and orchard grass were the 
only ones with more than $ 0 % stands, and there is little doubt that 
those sxiecies would have cmtyiclded the others over a period longer ; 

than two years. | 
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Table 4. — Yields of eight grasses in experiment No, 4J' 


Grass seeded 
in Atig., 1940 


Timothy 

Redtop 

Smooth brome . . . 
Kentiick}^ blue- 
grass .......... 

Perennial ryej. . . 
Orchard grass. . . . 
Meadow fescue. . 


Pounds dry matter per acre 


First cutting 

Second cutting 

+.» 

0 ON 

Totals 

If) 

’T 3 ON 

1941 

1942 

Av. 

1941 

1942 

Av. 

■ U bB 

P ‘S 

1941 

1942 

Av. 

S 

cn w 

2,088 

L913 

1,622 

2,873 

1,925 

1.595 

2,481 

L 9 X 9 

1,609 

1.544 

1,952 

1,393 

788 

764 

429 

1,166 

L 35 B 

911 

266 

421 

357 

3,898 

4,286 

3,372 

3,661 

2,689 

2,024 

3.780 

3,488 

2,698 

I 45 

1 50 

2,132 

1,341 

L 737 

1,634: 

510 

IL 377 

754 

1,467 

1,551 

945 

I311 

1689 

^ 857 

! 4 , 7 ii 
15,080 
14,698 
' 5 , 071! 

2, 80S 

3.760 

1 83 

4*259 

2,632 

3.460 

1,649 

1,517 

2,141 

12,489 

1,078 
i 654 

1,228 

704 

2,727 

2,171 

3,7X3 

3,621 

67 


=*'“Commerciar’ seed was sown in all cases. In 1941 and 1942, nitrogen was ajjplied at 30 pounds 
per acre in April and repeated after the first and second cuttings. The dates of cutting were June 3, 
August 3, and October 21 in 1941; and June 10 and August 21 in 1942, 

tWhere no value is given, -weed.s had largely replaced the seeded grass. 

^Perennial (English) rye grass had such a poor stand in 1942 that its yields wci*e not determined 

Before leaving the subject of yields, it should be mentioned that 
in two other experiments involving many fertilizer treatments on 
adjacent, lawnmowed areas of pure seedings, Rhode Island bent grass 
consistently yielded more dry matter than Kentucky bluegrass. 
Rhode Island bent grass is also much less sensitive than Kentucky 
bluegrass to adverse soil conditions and is almost as winter hardy. 
These facts suggest that more consideration should be given to the 
bents for seeded pastures. They already comprise a considerable part 
of the plant population in the pemianent pastures of Connecticut. 

QUALITY OP FORAGE 

In two experiments in 'which the forage was lawnmowed, and in 
two others mowed three or four times per season as earl3^ cut hay, the 
dry matter yields from Kentucky bluegrass were practically as large 
and as well distributed throughout the season as those from several 
common grasses. In recent years, yield of dry matter as a criterion in 
evaluating forages has been seriousty questioned. The writers think 
that such a criticism is well founded. The importance of this point, 
however, depends to a considerable extent on which species and what 
stages of maturity are involved. For example, the dry matter of 
rnost grasses in the young, leafy stage is high in palatability and 
digestibility. Deterioration of grasses is especially marked after the 
heading or blossoming stage. Thus, the determination of dry matter 
yields may be an excellent means of evaluating most grasses and 
legumes mowed when 4 to 5 inches high, a fairly accurate method 
until the grasseshead and even later for legumes, but a poor measure- 
ment of feed production as the plants approach maturity. 

Ordinary chemical analyses furnish some indications of forage crop 
quality. In some years, such analyses were made for the crops in 
experiments Nos. i and 3 and the results are summarized in TabkvS 
5 and 6. 
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Table s-— C hemical analyses of four grasses lawnmo’wed eight times each season. 


Grass 

Analyses; as percentage of dry matter*^ 

Ash 

Protein 

Fiber 

N.P.E4 

Fat 

P 

Ca 

Rhod^ Tslnnd Ixmt. . 
Kent4ud-;y 1 duegrass 

Oivliard <4niss 

Timolliv 

So 

7-1 

9.0 

7.D 

20.2 
\ ' 20.7 

I 22.7 
! 22.2 

20.5 

21.4 

21.0 

19.0 

46.6 

46.4 

42.1 

47*3 

44 

4.6 

5*3 

4.6 ! 

0-39 

0.38 

0.49 

0.38 

0.73 

0.73 

0,82 

0.85 


'•5'yaliies are averages of 6 to _io cuttingfs each year in 1937 and 1938, the only years all of the 
listed constituents were determined. Grasses received nitrogen at 28 pounds per acre in April, 
June, and August, or a total of 84 pounds per season. Data from experiment No. 1, for which rdelds 
are given in Table i. 
tNitrogen-free extract. 


Inisc'd on the chemical analyses in Table 5, the feeding A^alues or 
(pmUty of all grasses lawrmiowed eight times per season were very 
high. Orchard grass had somewhat higher values for total ash, pro- 
tein, fat, and phosphorus than Rhode Island bent grass, Kentucky 
bluegmss, and timothy. 

The forages harvested in 1940 and 1941 as early cut hay (experi- 
ment No. 3) were also very high in feeding values (Table 6). Again 
the ijrescaice of orchard grass raised appreciably the percentage of 
fat and i.ihospliorus. On the whole, the chemical analyses indicate no 
impivrtaiit- differences in the quality of the immature ladino-orchard 
grass and the ladino-Kentucky btuegrass hay. 

TAULb: (}.■— Chemical analyses of laddno- grass seedings cut times each season. 


Analyses as percentage of dry matter 


V Tipecies- seeded 

Protein 

Fiber 

Fat 

P 

Ca 

% 

ON . 

i 

i ^ 

C^ 

0 

*4- 

M 

1 , 1 — - 

W : 

* 

a\ 

M 

M 

•<r 

ON 

% 

o^ 

M 

! q— j 

1 W j 

-4* i 

0 

■x* 

0 

S: 

w 

4 

a\ 

'Ladino alone 

25*7 

26.7 

1 16.6 

— 

4.0 

' 

0.37 

0.37 ' 

1.4 

1.5 

Ladiiio , “h orchard 

20.8 

20.4 

21.4 


4-7 1 


0.42 

0.42 

1 .1 

1 .1 

grass ...i 





Ladino + Iveii-* 







, 1 




■tucky bliiegrass 

.21.1' 

22.1 

2 1 .2 

— 

4,2 ! 



0.34 ^ 

0.38 

I.l 

1.3 


1940, tile first cuttittK was not atialyKed and values are averages of the last three cuttings, 
tin iy4J, values are averages of alt four cuttings. No analyses were made for fiber and fat. 


STANDS OF LADING WITH DIFFERENT GRASSEvS 

Legumes Imve such an important effect on both the quantity and 
quality of forage from mixed stands that the seeding of any grass 
■which would reduce the prevalence of an accompanying legume may 
well 1x2 questioned. In respect to this point, many agronomists, in- 
cluding the writers, have questioned the seeding of Kentucky blue- 
grass. 

: In the first and third experiments, discussed above, the stands of 
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ladino clover were estimated twice each season. The average values 
for each year are in Table 7. In all seedings of both experiments, 
ladino decreased with age of stand, but the data offer no indications 
that Kentucky bluegrass was any more responsible than timothy, 
Rhode Island bent, or orchard grass. 


Table 7. — Ladino stafids with different grasses. 


Grass seeded 
with ladino 

Area occupied by ladino (estimated percentages)^ 

1936 1 

i 

1937 

1938 ; 

i 

1939 

1940 

1941 

1942 

j 1943 

Experimei 

Rhode Island bent . . . 
Kentuck3s^ bluegrass 
Orchard grass 1 

it No. ] 

■73 

95 i 
83 i 
83 i 

c, Lawn 

63 1 
43 

52 

55 

mowed 

19 

14 

18 

28 i 

Eight ' 

34 

33 ' ■ 1 
i 

46 

rimes I 

26 

36 

25 

36 

Dach Season 

27 1 42 i 
37 40 

32 I 18 

32 1 22 



Timothy 


Experiment No. 3, Mowed Four Times Per Season 


None. 

— 


95 

78 

60 ; 

83 

83 

44 

Orchard grass. 

— 

— 

88 

68 

38 

40 

33 

21 

Kentucky bluegrass 


■ ^ 

89 

64 

48 i 

4t \ 

5^ 

26 


^Except in 1936 in experiment No. I and in 1938 in experimeirt No. 3, the values given are aver- 
ages of two inspections each season. 


Further information on the question of legume stands is furnished 
by another experiment in which ladino was seeded in 1938 on 30 
plots each with timothy or orchard grass. Ten different systems of 
cutting have been under test on both the timothy and orchard graBs 
sections. Very little timoth}?- was obtained from this seeding and 
partly as a result volunteer Kentuclcy bluegrass has become quite 
prevalent there. Orchard grass has maintained good stands under 
most of the cutting systems and consequently in October 1944 there 
was only half as much Kentucky bluegrass on the orchard grass plots 
as on those seeded with timothy. The stands of ladino have been 
estimated at least twice each season and the annual averages are 
given in Table 8. 


Table S . — Ladino sta?ids when seeded with timothy or with orchard grass. 



Area occupied by ladino 
(estimated percentages) 

Volunteer Ken- 
tucky bluegrass 
ill dct., 1944, 

% of area 

1940 

1941 

1942 

1943 

1944 

30 timothy plots 

45 

50 

47 

49 

60 

57 

26 

25 

28 

35 

35 

18 

30 orchard grass plots. . . 


Only in 1944 were the stands of ladino appreciably less on the 
timothy, well mixed with volunteer bluegrass, plots than on the 
orchard grass section where bluegrass was 50% less prevalent. Prob- 
ably at least part of the explanation for this difference in 1944 was 
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the Spotty killing of orchard grass during the severe winter of 1942 
and 1943. Dtie to little competition from, grasses, such vSpots were 
almost 100% ladino in 1944. 

DISCUSSION 

The preceding data from several experiments are consistent in 
showing that Kentucky bluegrass, either alone with nitrogenous 
fertilizers^ or in ladino clover mixtures, has yielded as much dry 
matter of nearly equal feeding quality, as orchard grass, Rhode 
Island bent grass, or timothy. Under all systems of mowing, it main- 
tmmd 1:)etter stands than the other grasses and when seeded with 
ladino clover did not reduce the prevalence of that legume more 
tliaii the other grasses. 

It sliould be understood, however, that in all of these experiments, 
the crops were harvested by machines and entirely removed from 
the land. In addition, when harvested as hay, the first cutting was 
earlier and the others more frequent than is customaiy, and no doubt 
this management favored Kentucky bluegrass in these tests. Further- 
more, the fertilizers applied to the grass-clover plots contained no 
nitrogen, allhougli if one considers "the large amounts of nitrogen 
furnislicd by legumes to accompanying grasses, the part played by 
nitrogen fnjm fertilizers or manure in increasing the competition of 
grassi-s in grass-legume mixtures decreases in importance. Regardless 
of the nit.njgeri situation, legumes are very sensitive to low levels of 
availalik’ pca.ash in the soil, a condition all too prevalent on North- 
crastt'rn farms, wliere for generations, much of the potash in manure 
has Mol been returned to the land. On the other hand, Kentucky blue- 
grass is much less dependent than legumes on the potash from man- 
ure's and fertilizers. Thus, the limed-phosphated soils of long-tilled 
fields in this region may be much more favorable for grasses than for 
legumes. Tliis unbalanced, condition of the soil may be accentuated 
on poultry farms, for the droppings are much higher in nitrogen and 
phosphorus than in potassium. For this reason and also because 
poultry makes little use of grasses not kept in a lawn-like condition, 
it may be a better practice on poultry farms to make pure seedings 
of ladino or other legumes. 

The question of pure legume or grass-legume seedings is also a 
pertinent one where such crops are consumed by cattle. Existing 
evidence shows the ladino-grass seedings have several important 
advantages over ladino alone, including (i) larger yields of dry 
matter from early cut hay or rotationall3^ grazed pasture; (2) better 
balanced feed; (3) less winterkilling, particularly by heaving of the 
clover, tbi>s bedug more important on heavy or -wet soils; (4) facilita- 
tion of haying operations, especially curing; (5) less likelihood of 
complete crop failure; (6) fewer weeds. 

high level of soil fertility required by Kentucky bluegrass has 
l')cen menlioned, as one of its disadvantages. Unless one is attempting 
to grow crops which will exist on a low plane of fertility and accept the 
correspondingly low quantity and quality of forages produced under 
such conditions, this point seems to have little -weight. In the experi- 
ments eondueded at Storrs, Kentucky bluegrass has thrived where the 




soil was favorable for red and ladino clovers or timotliy. Alsiko 
clover and members of the Agrostis genus (redtop, bents, etc.) will 
grow fairly well where the soil is too acid and wet for Kentucky blue- 
grass. Redtop and the bents will also survive with less easily soluble 
phosphorus in the soil than is required by Kentucky bluegrass. Farm 
experience in Connecticut appears to indicate that orchai'd giuss is 
superior to Kentucky bluegrass on sandy soils. 

The slowness with which Kentucky bluegrass becomes established 
is another disadvantage. When seeded in the spring with clovers, 
little bluegrass will be found in the crop that year. Even with late 
summer seedings, the hay or pasture is likely to be mostly leguminous 
during the next season. In many cases, this will also result with 
other grasses. Where ladino clover is the legume seeded with Ken- 
tucky bluegrass, the difficulties of haiwesting or grazing it the first 
season, when little grass is present, are likely to be realized. 

Kentuclcy bluegrass is favored by cool weather and starts grcwth 
reaches the heading stage, and matures relatively early in the season. 
It is necessary, therefore, to graze or mow relatively early in the 
season to avoid poor quality pasture or hay ; however, the same pre 
caution should be taken with orchard grass and, later in the season, 
with other grasses. 

The most favorable characteristic of Kentucky bluegrass as a 
gi'ass for livestock farms in the Northeast is its ability to maintai 
good stands under most any kind of management or weather condi- 
tions, provided a reasonable level of fertility exists in the soil. In 
respect, none of the other common grasses ecpial it. For this, if for 
no other reason, Kentucky bluegrass should be given serious con- 
sideration when seeding land which one does not care to till again 
for many 3^ears. 


SUMMARY 


This paper presents the results of four experiments involving com- 
parisons of Kentucky bluegrass with other grasses common to the 
Northeast. In two experiments, the plots wei'e lawnmowed 4 to i 
inches and in the other experiments mowedThree or four times each 
season as early cut hay. In three of the four experiments, 
bluegrass and the other grasses were in pure cultures, receiving nitro- 
gen at 28 pounds three times each season, and also seeded wi 
, ladino clover. 

By both systems of haivesting, the quantity and quality of forage 
from Kentucky bluegrass were practically equal to orchard grass, 
Rhode Island bent grass, and timothy. The seasonal distribution of 
forage production was not appreciably different from the 
grasses. 

Ladino clover maintained its stand as well when seeded wi 
Kentucky bluegrass as with any of the grasses usually grown in this 
region for hay or pasture. Kentucky bluegrass has maintained much 
better stands than any of the other grasses. 

It is concluded that Kentucky bluegrass should be given 
consideration in seed mixtures for pasture and early cut 
Northeast, particularly in long rotation or semi-permanent 


brown and munsell: Kentucky bluegrass 
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BEHAVIOR OE VARIOUS SELECTIONS OF KENTUCKY 
BLUEGRASSj PO /1 PRATENSIS L., WHEN GROWN AS 
SPACED PLANTS AND IN MASS SEEDINGS^ 

H., L. Ahlg'ren, D. C. Smith, and E. L. Nielsen**^ 

1 ^ EHl'UCKY bluegrass, Poa praiensts L,, is probably the most 
1 y inij.K)rta,nt source of pasturage in nearly all the north, humid 
TQgkm of tlie United States, in eastern Canada, and in northern 
'iiuropc. During^the past B to lo years increased efforts have been 
iTiade 1>y invejstigators in these areas to develop superior varieties 
cvf liluegrass for use as pasturage. Thus far no improved strains are 
grown commercially to any considerable extent in North America. 
NilssoiwLeissner and Nilsson (2)=^ have reported that five varieties 
of Keiiiiicky bluegrass were released in Sweden prior to 1940. Ob- 
soruations nidieate that improved European varieties have no parti- 
cular superiority in Wisconsin, 

Myers and Garber (5) reported results of studies of replicated 
clonal plots horn 8 1 selected plants of Kentucky bluegrass. The plots 
were oversceded with white clover. Following two years of clipping, 
siniulating pasture treatment, yields were determined in the thiid 
season. Significant clilTerences among strains for yield and competitive 
aMlity with white clover were . noted. 

iiayes atui Thomas (i) found that different clones of Kentucky 
biiu’griiss contained from 150 pastures and wuiste places in Minnesota 
sln'jwed wide diflVretices in \ iclding ability when grown in clonal plots. 
There was good agreement in yield between 1941 and 1942 from 
<h,)nal i^siablishcd in the fall of 1939. In another trial, Hayes 
and Thfitnas (i) grew 56 vSelected lots of Kentucky bhtegravSS from 
SiH/d in rc|fii<‘cffcd plots 8 by 8 feet in size. Their results show that 
live siniiiis wen.^ superior in total production to the commercial check 
at the 5^ level of significance. The seedings were made in the fall of 
i<M3 and resttUs are based on yields obtained in 1944, While several 
other workers have isolated apparently superior types for pasture 
nr turf purposes, reports of experimental pasture tests of such isolates 
are- unavailable. ' 

The large number of selections which need to be tested in a breeding 
program involving the improvement of bluegrass and the small 
amount of seed which is usually a.vailable valmost necessitates making 
initial selections of superior appearing plants from spaced plantings 

No. 196 from the Department of Agrononi}!', University of 
Wisronstta Ala.disoti, Wis., in i‘OOperaliou with the Division of Forage Crops and 
Diseases, llnreau of Pla,nt Industry, vSoils tuad Agricultural Engineering, U. S. 

of Agrii.'ulture. Published by perraissioti of the Director of the Wisconsin 
Agricultiiral Experiment Station. Received for publication November i6, 1544. 

^Associate Professors of Agronomy, University of Wisconsin, and Associate 
Agronomist Division of Forage Crops and Diseases, Bureau of Plant Industry, 
bioils and Agri<‘nlt.ural Engineering, U. S. Dept, of Agriculture, respectively. 
Dr. <1 S. Aa'moilt, formerly professor of Agronomy ut the University of Wiscon- 
sin, a;ni! the. bate Dr. F. ’W. Tinney, Assistant Agronomist, Bureau of Plant 
Industry, IJ. S. Dept, of Agriculture^ were in charge of the nurseries during the 
period 1936 to |■939, inclusive. 

'^Figures in parenthesis refer to “Literature Cited’^ p. 281. 






AHLGREN, ET AU: KENTUCKY BLUEGRASS SELECTIOKS 


Total 


SMALL PLOT INVESTIGATIONS 

Seventy-four of the progenies grown in the various breeding nurseries appeared 
fficiently promising from the standpoint of uniformity of type, leahness, aggre- 
-■eness, disease resistance, and general growth habit to warrant further investi- 


The collections made in Wisconsin were primarily from old pastures in areas 
within the state representing the major soil types. The seeds from single in- 
florescences were harvested separately. The collections from other states and 
foreign countries were, in most instances, grown from bulk sample lots. 

Seeds from each inflorescence and from the bulk lots were germinated in the 
greenhouse in small bread pans filled with friable, autoclaved soil. After the seei 
iings were well rooted, representative seedlings were transplanted singly into 
small paper bands filled with autoclaved soil. Seedlings were grown in the green- 
house in paper bands until early May wdren they were transplanted to nursery 
rows in the field. Plants were spaced at 2-foot intervals in rows feet apart. 
Twenty-four seedling plants of each lot were grown. Notes on plant type, 
disease reactions, spreading ability, cuhn height, leafiness, and seed production 
were taken during the first and second years. 


Wisconsin Other states Other countries 


in nursery rows. This procedure is followed even tliougli it is recog- 
nized that to be of value for forage purposes such selections must 
ultimately perform satisfactorily in mass seedings. In studies with 
small grains, many workers have found good agreement to exist 
when grain yields from rod-row plots have been compared with those 
of field plots and quadrats. Tysdal and Kiesselbach (s) and Weihing 
and Robertson (6) have reported that either nursery rows or plots 
may be satisfactorily used in the evaluation of varieties of alfalfa. 
Other workers have suggested that spaced plants and comparabie 
plants grown in mass seedings might behave differently. As far as is 
known, however, no previous investigations have been conducted in 
which the comparative performances of various strains of bluegrass 
grown from seed in space-planted row^s and in mass seedings in plots 
have been ascertained. The primary objectives of the studies being 
reported w^ere (a) to develop superior strains of bluegrass for pasture 
purposes, and (b) to compare the performance of various selections 
of bluegrass when grown in space-planted nursery rows and in mass 
g00riiiigs. 

MATERIALS AND METHODS 


NURSERY TRIALS 


Approximately ii,8oo plants representing 490 progenies of Kentucky blue- 
grass were grown in nursery rows on the University Hill Farms at Madison^ Wise., 
during the period 1936-39,, inclusive. The progenies were from collections made 
in Wisconsin, Minnesota, Nebraska, Montana, Utah, Canada, Norway, Sweden, 
England, India, and Russia (Table i). 


Table i. — Sources and. numbers of collections of Ke?itucky bluegrass studied at 
Madison y Wisc,^ during the years inclusive^ 
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ion in broadcast or mass seedlings in small plot trials. Twenty-five of these 
sdoc'tifms a.nd commercial bluegrass were seeded in plots 8 by 20 feet in size in 
relatively iniertile Aliaini silt loam soil on August 15, 1939 (experiment I). The 
\Aoi'< were arranged in a rrmdoinized block design with four replications. Seedings 
wciai at the rate (i' 40 pounds of rouglvthreshed seed |)er acre. Very little growth 
was made by most of the selections in 1940. Except for mowing in August to 
3'emiive ‘c.eed grf>\vt;lp no other treatment was given these plots in 1940. Ammoni- 
wvu stiilale was a])|)fied t< > all plots at the rate of 200 pounds per acre in early spring 
ft.-ach ye.ir (hiring 1 lie period 1941-43, in vdusiye. The plots were grazed periodically 
ua.ch >'ear during this tieriod by dairy heifers. Observations on yield, leahiiess, 
hcigln. pertamt-age of forage removed after grazing, ground cover, and disease 
•-(..’a^.'tion were, made prior to each grazing period during each season. 

F}ff;/~fnur sek'clions of biuegrass and one commercial lot were seeded in plots 
6 Ijy 1 2 feet in size in relatively fertile Carrington, silt loam soil on August 17, 1940 
(crcjX'ii merit 11 ). The plots were arranged in a randomized block design with four 
rei'iHcutions. Twenty additional selections of biuegrass of which there was insuffi- 
cient seed for the establishment of quadruplicate plots were seeded in duplicate 
of similar size in an adjoining area (experiment III). The seedings were 
ciiade at ihic nOe of 40 pounds of rough-threshed seed per acre. One half of each 
pan in Ist-.c/a the cuiadruplicate (experiment II) and duplicate (experiment III) 
series, wa.s seeded to common white clover at the rate of 5 pounds per acre. The 
plots y^’cre grazed or mowed periodically each 3’ear during the period of 1941-43, 
incliisi've. 

EsiiTrsdc.s of yiehi. comyietitive ability with white clover, and disease reaction 
were made 2 nr 3 times ouch \'ear during this period. The actual jdekls of forage 
from the jKortinns of (^aeb plot seeded to grass alone were determined in 1941 and 
1942. In U'Mi a (|iiadrat 4 feet square was harvested from each plot for calculat- 
ing vith! iA dr\ nuitter. Bi.‘causeof encroacliment of white clover into the margins 
uf Um,,' gras;: psuliuTis nf the plots, it was necessary to reduce the size of the quad- 
rats lisr’cestj'd in 1942 to 4 square feet. In 1943, actual yields of forage produced 
by the \ arious seUH'tictns of l,)luegrass were not determined. At this time most of 
bu‘ pra li^ms of the plots originally seeded to grass alone weie occupied by heav^^ 
growih.s o 1 wlute clover. Conversely, there was little 01 no white clover in the 
port inns of tlie fdols which were initially seeded to a mixtuic of grass and white 
clover, 

dhvvut v'-foiir seedling ])lants of each of the 74 selectioiLS of biuegrass were 
Ir.’msplanlcd to single nursery rows in relatively fertile Carrington silt loam soil 
in the r^priiyg of 1941 . 1'hese progenie.s wT;re established to make comparisons and 
cm’rein lions’ uf the I)ehavior of plants grown in mass seedings and in space- 
planb'd rows. During the summers of 1941 and J942 estimates were made of the 
\igor, I'labii of gimvih, leufiness, and disease reactions of the various progenies. 


METHODS OF EYALUATION 

In estimating yields, competitive ability with white clover, degree of grazing, 
vigor, imd leaiiness, a scale of 0 to 10 was used. In estimating disease reaction a 
scale of o to 5 was used. Lower values given in the tables represent superior 
qualities, i.e., liigher tdelds, greater freedom from disease, and more complete 
lUhixation in grazing, whercar the higher values represent progressively inferior 
r|u;dirics, i.e., lower 3d elds, less freedom from disease, and less utilization in 
■ grazing. 

■ RESULTS, j 

'pYlELDH OF FORAGE PRODUCED BY VARIOUS SELECTIONS GROWN a 
IN MASS SEEDINGS 

''ro test: tile value of results obtained by estimation, comparisons 
1)1' the actual and estimated yields of forage produced by the 74 selec- 
tions of liluegi'ass and commercial biuegrass included in experiments 
' if and III were made in 1941 and 1942. In all instances yields were 



-r'! i"-.' ifch l I .f*. Li'-f'’*. >, »•■>■''’-> 1 ‘ T.’» • >/Jk 
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actual dry matter d JtemteatioS.^BSmse ‘df tKmite 

« aM 

in 1941 and 1942, respectively, when the ictunl -m.! u obtained 

of the S4 selections represented te SpeWnf- n 

(Table s). It is clear from these msuItfthTil. 

good correlation between actual and fheie was a generally 

of these results it has been assumed thnt yields. On the basis 

tion are helpful for purp?«a oTevat.So“'’‘ ««“<*■ 

the ,, 

J”i£nific'L'”e“eS I.S'rso JomrS""”™ “““'d reXS 

respectively. The estinX yilL rf foX Xlo ‘‘l i‘”.i 

tions grown in relatively infertile soil tevnAi-^ ^5 selec- 

Table 3. All of the sclecXXierlX ™ed c X 
lower and 2 or more numbers hio-her thnn ^ 01^, more numbers 
the columns of estimated yields in Tables bluegrass in 

respectively, superior and inferior in tield + ^ were considered, 

Very marked differences in volume orOTowThtT“'''hf^ bluegrass. 
were noted at the end of the ^rowint/y ^ selections 

August, That these initial differences wore nnf made in 

from the data given in Table“2 midT TL evident 

basis of estimated yields in ioai tR oaI data show that on the 
selections in experiment III Ind’ s seWHn““^ “ experiment II, 6 
more productive than commercial bluepm^'^r I were 

SIX of the selections in experiment II throonf^^ ^942, however, only 
™d two of the soIectionTiSed HI 

ductiye than commercial blueorass I ^ ^ 

the selections in experiment II and two of 7hf « f 
I were ^more productive thah the comm^rinf 
the estimated yields of the various SkSiSis *° 

Tables 2 and 3 indicate that only one of the 7 “ 

superior to commercial hliiety 

both soil types. Seven of the seleSs of bte ' Vn Tears on 
61, 63, 81, 8s, and 86) were suneWnr ^ bluegrass (P Nos. 33, „ 

^(^‘^ (942 but not in 1943 when errown ’^T^^^^ass in 1941 

of this group (P No. 63) was suneri^ m a One 

sii tX^c^xsi txiS =“■ X 

most sttaius to hcc„u.o less pco.XS asXXTXdlX 

BV VP«,3 eNO SOIO ,Vh.c 

vm many iastanLTofSiXn'lhl ot*, ot‘”'*M 

between the 1941 and 1942 IrowW n7rin% selections 

S»ss m tpec. Litowise, of the fiveXXi ‘'’“erSfwS 
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^•^-—Estinuited yields, relative ?naltirity, degree of grazing of zy selections 
(f Kentucky hiuegrass and (xmtmercml Kentucky hiuegrass when groivnin snnall 
plots in reiativriy infertile Miami silt loam soil, iQ4i-:ig4j, experiment I. 


I* 

No. 

Esti. 

nated 3 

’ield 

Relative 

inatiirityr 

Degree of grazing 

1941 

1942 

1943 
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pn.xlucecl nR:?rc fopage than commercial bluegrass in 1941, only two 
were more product i\^e in 1942. 

Data in Table 5 show that there was little or no relation between 
yields of the selections in the first (1941) and second (1942) harvest 
3?'ears when grown in small plots in relative^ fertile soil (experiment 
II), Values of r obtained when comparisons were made between 
estimated yields in i94i'”-42 and actual 3delds in 1941-42 were .07 and 
-.36, respectivehn How^ever, a significant positive correlation (r==.68) 
was obtained in comparing the estimated ^felds of 25 selections grown 
in relative^ infertile soil during the same years (experiment I). While 
these data stiggest that selections of bluegrass may behave differently 
in soils of varying fertility, the comparisons may not be entirely 
valid inasmuch as they are based on results obtained during the 
see{)THl and tliird years following seeding in the relatively infertile 
soil and the frst and second yoavs following seeding in the relatively 
fertile soil This discrepancy in comparisons was due to slow establish- 
ment following seeding in the relatively infertile soil. No attempt was 
made to evaluate the sparse growth made b^^ the selections at that 
time. 
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A highly significant, positive correlation (r = .66) was found in 
experiment II when the estimated yields of the 54 selections grown 
in small plots in 1942 (second harvest year) and 1943 (third harvest 
year) were compared. Likewise, there was a good relation between 
yields duiing the second, and third (r = .68) and third and fourth 
(r = .8g) harvest years of the 25 selections included in experiment I. 
When estimated yields of the 25 selections grown in relatively fertile 
soil (experiment II) were compared with those of the same selections 
grown in relatively infertile soil (experiment I), highly significant cor- 
relations of r = .90 and r == .74 were obtained in 1942 and 1943, 
respectively. 


COMPARISONS BETWEEN YIELDS, RELATIVE MATURITY, AND 
DEGREE OF GRAZING 

Data in experiment I, given in Tables 3 and 6, show significant 
negative correlations between estimated yields of the selections and 
degree of grazing in 1941, 1942, and 1943. In most instances the forage 
was grazed more completely in plots in which low yielding selections 
were grown than in plots occupied by higher yielding t^^'pes. In ad- 
dition there was a good relation between the relative maturity of the 
selections and their respective yields, the later maturing ones being 
less productive than earlier maturing types. It appears from these 
results that later maturing selections of bluegrass may be palatable 
for longer periods in the spring, but leSvS productive than earlier 
maturing types. 


COMPETITIVE ABILITY WITH WHITE CLOVER 

Data were obtained in 1941, 1942, and 1943 to determine the 
competitive ability of the 54 selections of bluegrass and commercial 
bluegrass with white clover when grown in small plots in relatively 
fertile soil (experiment II). These data are given in Table 2. In 
general they indicate that there were marked differences in the ability 
of the selections to compete with white clover. Although the taller 
growing, more productive .selections were stronger competitors with 
white clover than shorter growing, less productive types, the correla- 
tions obtained when comparisons were made between actual and 
estimated yields, on the one hand, and competitive ability with white 
clover, on the other hand, were so low as to be of no value for purposes 
of prediction (Table 5). It is also of interest to note (Table 5) that 
while significant, positive correlations were obtained, when compari- 
sons were made between results secured in different years with respect 
to the competitive ability of the bluegrass selections with white 
clover, in general the values were so low as to be of no practical im- 
portance in predicting the performance of bluegrass when grown in 
association with white clover. It appears from these results that 
factors other than yielding ability are of considerable importance in 
affecting the behavior of various selections of bluegrass grown in 
association with white clover. 
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DISEASE REACTION 

The principal diseases occurring on bluegrass at Madison, Wise., 
are leaf spot, Helmmihospom^^ vagans DrechL, leaf rusts, Piiccinia 
rubigo-vera (D.C.) Wint. and P, Poae-sudeticae West., and mildew, 
Erysiphe gramims D.C. Although not as widespread as the other 
diseases, stripe smut, UsHlago striaeformis (West) Niess., was noted 
in TC142 and 1943, Under conditions such as prevailed during the 
period 1936 to 1943 at Madison, diseases have not appeared to 
greatly affect growth and reproduction in pastures although con- 
siderable damage has been observed in small localized spots. Nursery 
trials, howew, have shown that some genotypes are very susceptible 
to^ diseases in particular seasons. Both leafspot and mildew may 
atlect plants markedly and mildew and rust may develop at any 
time during the growing season. In 1942, almost every selection of 
bluegrass was affected to some extent hj leaf rust. In contrast, many 
selections were veiy resistant to leaf spot and mildew. 

Data were obtained in 1941, 1942, and 1943 ^0 determine the 
disease reactions of the 74 selections of bluegrass grown in relatively 
fertile soil. As previously indicated, there was close agreement be- 
tween the results obtained in experiments II and III. For this reason 
results obtained in experiment III were not included in Tables 2 and 
4. Marked differences are indicated in the disease reactions of the 
various selections in both the nursery rows and mass seedings. Sus- 
(‘eplible genotyi>es were generally more severely infested with disease 
when grown as spaced plants in nurseiy rows than in mass seedings 
in small plots. Poidions of plots in which only grass was seeded ap- 
j„>earc,‘d to be tiiorc^ diseased than the portions of the plots in which 
the grass was growing in association with clover. Data presented in 
Table 5 show that there was no close relation between the actual 
yields of the sek^ctions grown in small plots and disease reaction in 
1941. and 1942. For example, r values obtained when comparisons 
■were made between actual yields and reaction to leaf rust in 1941 
and 1942 w'^ere .27 and -,27, respectively. Likewise, r values obtained 
when comparisons w^ere made between actual yields and reaction to 
leaf spot in 1941 and 1942 were, respectively, .17 and -.23. It would 
appear from these results, that, on the average, disease had no major 
affect on plot ^delds of the vainous selections of bluegrass although 
in some selections field observations seemed to indicate that disease 
was causing considerable damage. It is recognized, however, that 
under different soil and climatic conditions or in seasons differing 
from those which existed during the course of these studies, disease 
may be of greater importance in affecting yields of Kentucky blue- 
grass than the data given indicate. 

COMPARISONS BETWEEN SELECTIONS GROWN IN SPACE- 
PLANTED NURSERY ROWS AND IN MASS SEEDINGS 

TJie estimated yields and disease reactions of 54 selections in 1941 
and 1942 when growm in space plantings and mass seedings (experi- 
ment 11 ) are given in Tables 2 and 4. The data indicate that there 
were considerable differences in the behavior of the selections with 


Table 4. — Estimated yields and reactions to mildew, nist, leaf spot, and stripe smut of $4 selections of Kentucky bluegrass when grown in 
Space-planted 7iursery rows in relatively fertile Carrington sUt loam soil, I q4i-’42. 
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*The maximiira of disease noted in any year during the period I94i“42, inclusive, is indicated. 
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Tabl{S Simple correlation coefficients for various comparisons made between $4 
selections of Kentucky bluegrass grown in relaiiveiy fertile Carrington silt ham 
soil diirmg ig4J~4y^, inclusive, experm^ 


Comparison 


r values'*^ 


l^stiina.ted in 1941 arid actual yields in 1941. . 

Irst im.’ftedi yield;i in 1942 and actual yields in 1942. 

Irstifrsataal yields in 1941 and estimated yields in 1942 

Actual yields in 1941 and actual yields in 1942 

iristiniated yidds in 1942 and estimated yields in 1943 

Eslimntcd yields ni nursery row and estimated yields in plots in 1941 : 
Estirnadcd yields in nursery rows and estimated yields in plots in 1942: 
Estimaled yidds in nursery rows and actual yields in plots in 1941 . . 
Estim;ited yields in nursery rows and actual yields in plots in 1942 . . . . | 

E-stiinated yields and competitive ability' with white clover in 1941 . . .i 

Estimated yidds and eomjietitive ability with white dover in 1942. . . 

Estinuited yidds and competitive ability with white clover in 1943. . . 

AcUuil yicdds and i/ompetitive aliility with white clover in 1941 

Actmal yields and eoinpetitive ability wdth white clover in 1942. . .... 

Co!U|?c‘titive ability with white clover in 1941 and competitive ability 

with while clover in 1942 

Coni|)etitive ability with white clover in 1942 and competitive ability 

with white clover in 1943. d 

Leaf S|jOt In nursery rows and leaf s|)ot in plots 

Leaf rust in nurseiw' n>svs and leaf rust in plots 

Actual yields and leaf rust in plots in 1941. 

Actfial vidds .arul leaf rust in plots in 1942. 

Aciual yidds and leaf sp{)i in jdnts in 1941 

Actual yidds and leaf s]>o1 in ]}l(hs in 1942 . 


+0.73 
d-0.80 
+0,07 
-0.36 
+0.66 
+0.26 
+0.23 
“bo. 06 
4 - 0.21 
+ 0.42 

-|“0.3i 

-fo.43 

+0.04 

+0*57 

+0.40 

-1-0.64 

4-0. II 

"fo.55 

-fo.27 

-0.27 

- 4 - 0.17 

-0.23 


level of lajaiiltcajice for 54 paire of comparisons —0. 2 7, 
1% level ui Mrsilicanee for 54 pnins uf comparisons =0.34. 


tvspixi to yield and disease reaction when grown in space-planted 
rows and in mass seedings. For example, of the ii selections which 
wert^ siguiliiAintly more prodiictive than commercial bluegrass in 1941 
whcMi grown in mass seedings, only '2 were classified, as superior in 
Ibt^ S|)at‘e-planted nursery rows. Data presented in Table 5 show that 
there were no significant correlations between either the estimated 
or actual yields of the selections grown in mass seedings and the yields 
of llie same selections in nursery row’s. Further, no relation was ob- 
served between the incidence of leaf spot in the mass-seeded plots 
and that in the space-planted nursery row’'s. There was a significant 
positive correlation between the occurrence of leaf rust in the mass- 
seeded plots and that in space-planted nursery rows. It is concluded 
from tlie dtita which have been obtained in these comparisons that 
growth and appearance of spaced plants of bluegrass cannot be used 
to pi*edict closely the performance of the same progenies in mass 
seedings. It is apparent that improved technics would be desirable 
in the initial phases of breeding programs involving the improvement 
of hluegntss, 

■ '■ DISCUSSION 

The tendency for original differences between most strains to 
beciime less pronounced as the stands increased in age might have 
l>een due in part to accumulating deficiencies of available nitrogen. 
Even with nitrogen fertilization, however, it was not possible to 
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Table 6, — Simple correlation coefficients for various comparisons made between 25 
selections of Kentucky bluegrass groivn in both relatively fertile CarrmgUm silt 
loam soil and relatively infertile Miami silt loam soil during 1941-43, 
inclusive, experiments I and II. 


Comparison 


Estimated yields in nursery rows (fertile soil) and estimated yields in 

plots (relatively infertile soil) in 1941 

Estimated yields in nursery rows (fertile soil) and estimated yields in 

plots (relatively infertile soil) in 1942 

Estimated yields in nursery rows (fertile soil), and estimated yields in 

plots (fertile soil) in 1941 

Estimated yields in nursery rows (fertile soil) and estimated yields in 

plots (fertile soil) in 1 942 

Estimated yields in nursery rows in 1941 and 1942 

Estimated >delds in plots in 1941 and 1942 (fertile soil) 

Estimated yields in plots in 1942 and 1943 (fertile soil) , 

Estimated yields in plots in 1941 and 1942 (relatively infertile soil) . . 
Estimated yields in plots in 1942 and 1943 (relatively infertile soil) , . 
Estimated yields in plots (fertile soil) and estimated yields in plots 

(relatively infertile soil) in 1941 

Estimated yields in plots (fertile soil) and estimated 3delds in plots 

(relatively infertile soil) in 1942 

Estimated yields in plots (fertile soil) and estimated yields in plots 

(relatively infertile soil) in 1943 

Degree of grazing plots in 1941 and degree of grazing plots in 1942 . . . . 
Degree of grazing plots in 1942 and degree of grazing plots in 1943. . . . 
Estimated yields of plots (relatively infertile soil) and degree of grazing 

in 1941 ^ 

Estimated yields of plots (relativelj^ infertile soil) and degree of graz- 
ing in 1942 

Estimated yields of plots (relatively infertile soil) and degi*ee of graz- 
ingin 1943. . • — — 


r values'^ 


-4-0.46 

“f"0. 16 

■4-0.19 

+0.26 

-4-0.38 

+0.05 

•4-0.61 

• 4 - 0.68 

-4-0.89 

■4"0, 1 8 

-4-0.90 

+0,74 

+0.93 

+0.85 

- 0-53 

“0.82 

“0.79 


*‘'5% level of significance for 25 pairs of comparisons =0.40. 
1 % level of significance for 35 pairs of comparisons =0.5 r. 


reestablish differences between most selections as marked as those 
noted in space-planted nursery rows or in the first year in small plots. 
Myers and Sprague (4) grew 13 selections and 2 commercial seed lots 
of Kentucky bluegrass in replicated field, plots. Their results indicated 
that there was no noticeable tendency for differences among strains 
to disappear m the third year as compared with the first. Results in 
the studies which are herein presented show that eight of the selec- 
tions were superior to the commercial lot in the first and second year, 
but that only one of this group was superior in the third year on both 
soil types. 

The results indicate that strains of bluegrass which are significantly 
more productive than commercial bluegrass can be isolated by breed- 
ing pipcedures, but their practical value when grown under soil 
conditions such as exist in areas in which these investigations have 
been conducted appears uncertain. In results thus far superior types 
obtained frorn nursery selections have proved to be disappointing 
in producing increased and maintained yields of forage in pasture 
trials, differences between selected and commercial lots being small 
and of doubtful practical value. Further investigations, under con- 
ditions in which moisture and particularly fertility are less limiting 
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are required before- the practical value of diferent / 

pasturage can be accurately ascertained. strains for use as 

ft. IQ f 1*1 of ny-tt-vn-i.T i 1 



upon iiie lucaiity where iian^eqfprl otofi li f vciriable, 

»-o„ld be desioble to provide adeq„at“"heS’ btol 
Myers end Gerber (3) no commeJdal e, li 

li!ghe.st yielding strain produced onlv i 6 a 

lowest producing type in the third year tliuvh the 

oi: the 81 lots tested were selected for hio-h ad 

a hypothetical jdeld for commercial blueo-rass 

of the low and high strains, only Tahhe S / f 

would have been significantly superior to q m tested by them 

only slightly so. It fs recognikd! how^/tlT^"^^^^^^ then 
ot bluegrass with white clover were harvested anclnf P^ote 
growth might tend to equalize differences in o-ml . < white clover 
with them. Data given do not indicate that 
contained proportionately more white clove'r thmi 1 
ones. Based upon these arguments their results weil 
those obtained in the present experiments " similar to 

Data which are given in Table ? shn-d,- i-n.,b <-i 
nient in yields among the selections the first and 'Tf agree- 
biit good agreement in yields of the selpci inno years 


vi.;yviac ixiuiLtiit* jictuu iiHreemenf in 'irioi/ir. 

year) and i{)42 (third year) of clonal olot'? of (second 

in the fall of 1939- of bluegrass established 

Differences noted in the behavior nf x- 

between the first and second harvest years 
part at least, to changes or differences in the 

«oiI, to variation in sWial conditimir and ?n 
among the selections themselves occasioned hv difierences 

required after seeding to attain maximum productimf^AdTr^^^t 
infomiation is needed m assessing the sip-nihoa-no.:. Additional 
portance of the.se and other factorf which mt Xf^fi? relative im- 
geneml behavior of selections of bluegrass wl 4 Ii’oto foiltf 

SUMMARY AND CONCLUSIONS 

Approximately 11,800 plants of 490 progenies of TCenfurvLyy ui 

grass, representing 3 S 3 collections made in WiLonsin o, 
states, and 4.-; m foreign countries, were grown in soace nfqnt 
in breeding nurseries at Madison, Wis., dining the pCTiod of 
inclusive. Seventy-four of the better appearing 

Sot’S, wt 

ings increased in age. Based upon estimated yields the firSvif 
of the selections grown in relatively fertile Carrineton sil-f iZ, ’ q 
and 8 of those grown in relatively infertile Miami fiu- m ®oii 

n.o„ PtodbctivI than ™erci,J S 
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of the selections growxf t^^clatively fertile soil of those grown 


in relatively infertile '^oif'-^vere more prodiiGt||^^> Chan commercial 


bluegrass. The third year,' only three selectiog^^gn 
fertile soil and two selections grown. in‘ 4 refe^ infertile soil ^vere 


■own in relatively 


more productive than commercial bluegrass. One of the 74 selections 
was superior to commercial bluegrass in all three years on both soil 
types. 

Strains of bluegrass significantly more productive than commercial 
bluegrass were isolated, but the practical value of these strains must 
be determined in further studies. 

There was good agreement between i^esults based on actual and 
estimated yields in both the- first and second haiwest years. 

There was little or no relation between yields of the same selections 
dtxring the first and second harvest years when grown in relatively 
fertile soil. There was a good relation between the yields of the same 
selections during the, second, third, and fourth harvest years when 
grown in both relatively fertile £ind infertile soils. 

There was little or no relation between estimated yields of the 
selections grown in space-planted nursery I'ows and yields in mass 
seedings. ' 

While there was some indication in the data that taller growing, 
more productive selections wei'e better competitors with white clover 
than shorter growing less productive ones, the correlations obtained 
when comparisons were made between yields and competitive ability 
with white clover were so low as to be of little value for purposes of 
prediction. 

Results which are presented indicate that growth and appearance 
of spaced plants cannot be safely used to predict the yields of the 
same strains in mass seedings. 

The principal diseases occurring on Kentucky bluegrass were leaf 
spot, Helminthosporium mgans Drechl., leaf rust, Puccinia rubigo- 
vera (D.C.) Wint., and P. Poae-sudeticae West., and mildew, Erysiphe 
graminis D.C. In addition, some genotypes wei'e afi:ected by stripe 
smut, Ustilago striaeformis (West.) Niess. Development of disease 
was greater among plants in spaGe-planted nursery rows than among 
those in mass seedings. There was little or no relation between yields 
of the selections grown in mass seedings and disease reaction. 
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COPPER STUDIES WITH OREGON SOILS' 

L. K. WooD^ 

E ;J^ VIDENCE tliat copper is a nutritive element for plant growth 
^ has been presented conclusively by investigators in various parts 
of the world, but field response to copper additions has been limited 
to small areas. In the United States, some of the organic soils of the 
Florida Everglades and others are known to respond to copper ferti- 
lizers, while in Australia Wild and Teakle { 6 y have obtained yield 
increases where small quantities of bluestone have been applied to 
mineral soils* Holmes (2) has studied the copper content of various 
United States soils. 

It is to be regretted that in most cases reported, copper has been 
added to the soil in the form of copper sulfate with an attempt made 
to eliminate the sulfur effects by blanket sulfur additions or with a 
sulfur carrier. While the increases in yield obtained are generally 
ascribed to the copper, eliniination of the sulfur effect may not be 
conclusive. Copper is added in such small quantities that the economy 
of using the .sulfate rather than the chloride form in experimental 
work may not be justified, although in field applications the sulfate 
form is preferable. 

The use of copper as a fertilizing element has been studied in 
Oregon and was liased on response shown by various cane fruit crops 
grown on diiferent soils of the state. While it is an accepted fact that 
some Oregon soils respond to sulfur applications, the practice has 
lieen to add eo|:>per in the form of copper sulfate at a rate of 20 to 40 
pounds per acre. 

As designed by Powers (4) of the Oregon vStation, the check plot 
rows inditde a CaSO-r, a sulfur, and untreated rows. Minor element 
are l)lariketed. with 500 pounds per acre of 4-i6"S fertilizer. 
Talilc I contains data from the copper-treated rows, the sulfur row, 
the calcium sulfate row, and the nearest check rows in each case. 
'Fhe response from three different experimental berry farms is neither 
luiiform nor consistent, but the increase in crop yield from the use of 
copper sulfate is seen to be more consistent the year of addition than 
the following year. Wide differences noted in yields of the check plot 
rows likely can be explained onjthe basis of soil differences. Sulfur, 
added at the rate of 30 pounds per acre, is not consistent in its re- 
sponse and is being studied further. In oi'der to investigate the basis 
of a possible response to copper sulfate additions and also the cause 
for c'rraiic‘ responses, the following experiments were carried out 

during the year of ig42'^43- 

In eonsidca'ing the causes likely to account for an erratic response 
the avaikibility or .solubility of the added copper, in addition to the 
native copper content, and the presence of added sulfur were investi- 

’Published iis Tcjchnical Paper Number 451 mth the approval of the Director 
of the Oregon Agricultural Experiment Station, Oregon State College, Corvallis, 
Ore., as a contribution of the Soils Department. Received for publication Novem- 
ber 29, 1944. 

^Assistant Soil Scientist. 

^Figures in parenthesis refer to “Literature Cited”, p. 291. 
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Table i. — Yield of cane fruits as affected by additions of copper sulfate, calckini 
sulfate j and sulfur compared to the nearest untreated rotaf 


Plot 

Treatment and 

Yield, tons per acre 

No. 

pounds per acre 

1939 

1940 

1 

1941 

1942 j 

1943 

4“year av. 


Ede Blackcaps, Lacomb, Ore., Olympic Clay Loam 

1. 10 
1. 30 
0.61 
0.65 
0.59 

Fritz Raspberries, Gresham, Ore,, Powell Silt Loam 


Check 

— 

0.82 

0.51 

0.58 

CUSO4, 40 f 

— 

1.06 

0.46 

r.04 

Check 

— 

e -73 

0*53 

0.94 

S, 40 

— 

C.75 

0.45 

0.99 

CaSO^r 40 1 

~ — ■ 

! 0-73 

0^57 

0,7s 


0.75 

0.96 

0.68 

0.71 

0.68 


4 

Check 

3.07 

2.68 

I.8X : 

2.97 

I. 04 § 

2.63 

5 

CuSO-i, 30 t 1 

3.20 

2,70 1 

1.56 1 

2.73 : 

I.I4 

2.55 

10 

Check 

3.22 

3-i8 

2.21 

3.34 : 

1.62 

2.99 

12 

S, 30 

3 ni 

3-i6 

2.14 1 

3.12 i 

2.00 

2.88 

22 

CaS04, 30 

3.15 

3-09 

1,98 1 

3-43 : 

1.50 

2.91 


Jackson Boysenberries, Gresham, Ore., Powell Silt Lomn 


32 

Cu SO4, 3 ot ; 

^1 

7.12 

4-95 

2.81 

3.24 

4-53 

34 

Check 

— 

6.16 

4.41 

2.62 

2.91 

4.02 

42 

Check 

™ — 

5-83 

4.60 

4.29 

347 : 

4.55 

44 

s, 30 

— - 

7.21 

4-54 

3-54 

■ 3.27, 

4.64 

46 

CaSO-i, 30 

" — 

' — ™ 

2.38 

243 

2.40 i 

2.40 


*Data courtesy of W. L. Powers. 

fBroadcast 40 pounds per acre in 1940, 1942, and 1043. 

JBroadcast 30 pounds per acre in 1939 . 1942, and 1943- 

§Not included in average as area quarantined after harvest of only part of crop. 

gated. To obtain field response from additions of a fertilizer eleoient, 
a deficiency must be eliminated by the addition either supplying the 
limiting element or by inci^easing the availability of the native materi- 
als present through some secondary cause such as changes in soil re- 
action or pPL These considerations suggested two possible lines of 
attack. The first was an availability study of the native copper 
supplies of the soils suspected of giving a response, even though 
erratic, based on solubility in various extractants. The second was 
a fixation study based on the apparent beneficial effect noted chiefly 
the year of addition. 

LABORATORY STUDIES OF SOIL COPPER SOLUBILITY 
ACID EXTRACTION STUDY 

Previous to attempting research on this problem, a method for 
the laboratory determination of copper in plant and soil materials 
was adapted to the soils studied. The method of copper determination 
as outlined by Sherman and McHargue (5) which utilizes the highly 
colored solution produced by copper in the presence of sodium- 
diethyl dithio carbamate in alkaline solution was used, the color 
intensities being ^ read with a Klett-Summerson colorimeter. The 
sensitivity of this reagent is such that precautions to guarantee 
copper-free reagents must be taken. 

Four surface soils which had indicated an eiTatic response to 
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COPPER STUDIES WITH OREGON SOILS^ 

L. KWood^ 

E vidence that copper is a nutritive element for plant growth 
I'uis been presented conclusively by investigators in various parts 
of the world hnl field response to copper additions has been limited 
to siTiall areas, in the United States, some of the organic soils of the 
Florida EvergladevS and others are known to respond to copper ferti- 
lizers, while in Australia Wild and Teakle (6)''^ have obtained yield 
increases where small quantities of bluestone have been applied to 
mineral soils, liolnies (2) has studied the copper content of various 
United Sta.tes soils. 

It is to be regrtdted that in most cases reported, copper has been 
added to the soil in the form of copper sulfate with an attempt made 
to^ eliminate the sulfur effects by blanket sulfur additions or with a 
sulfur carrier. While the increases in yield obtained are generally 
ascribed to the copper, elimination of the sulfur effect may not be 
conclusive. Copper is added in sucrh small quantities that the economy 
of using the sulfate rather than the chloride form in. experimental 
work may not be justified, although in field applications the sulfate 
form is preferalrle. 

Ttie use of c<)pper as a fertilizing element has been studied in 
Oregon anri whs l>ased on response shown by various cane fruit ci'ops 
grown on diffcriMit soils of the state. While it is an accepted fact that 
some C,)regon sriils rc\sp«:)nd to sulfur applications, the practice has 
beet,! to add copper in the fonn of copper sulfate at a rate of 20 to 40 
pounds per acre. 

As designed by Powers (4) of the Oregon station, the check plot 
rows include a CaS().i, a sulfur, and untreated rows. Minor element 
are blariketed with 500 pounds per acre of 4-”i6~8 fertilizer. 
Table r. contains data from the copper-treated rows, the sulfur row, 
the calcium sulfate row, and the nearest check rows in each case. 
The response from three different experimental beny farms is neither 
uniibrm nor co.iisistent, but the increase in crop yield from the use of 
copper sulfate is seen to be more consistent the year of addition than 
the lollov/irig year. Wide differences noted in yields of the check plot 
rows likely can be explained on the basis of soil differences. Sulfur, 
added at the rate of 30 pounds per acre, is not; consistent in its re- 
sponse and is being .studied further. In order to investigate the basis 
of a possible response to copper sulfate additions and also the cause 
for erratic i^espouses, the following experiments were carried out 
during the year of 1942-43. 

In considering the causes likely to account for an erratic response 
the availability or solubility of the added copper, in addition to the 
native copper content, and the presence of added sulfur were investi- 

q^ut*Hshed as Technical Paper Number 451 with the approval of the Director 
of the CJregon Agricultural Experiment Station, Oregon State College, Corvallis, 
as a contribution of the Soils Department. Received for publication Novem- 
ber 29, 1944. 

-Assistant Soil Scientist. 

^Figures in parenthesis refer to “Literature Cited", p. 291. 
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Table i. — Yield of cane fruits as affected by additions of copper sulfate, calcium 
sulfate, and sulfur co 7 npared to the nearest imireated row,'^ 


Plot 

Treatment and 

j Yield, tons per acre 

No. 

pounds per acre 

1939 i 

' 

1940 I 

1941 

1 

1942 

1 

1943 

4~year av. 


Ede Blackcaps, Lacomb, Ore., Olympic Clay Loam 

I.IO 


14 

Check 

i 

0.82 


0.58 

15 

CuSO-i, 4ot 

— 

1.06 

0.46 ! 

1.04 

21 

Check 

— 

n.73 

n.53 

0.94 

22 

S, 40 

j 

0Y5 

045 

0.99 

23 

CaSO^, 40 

j 

0.73 

C.57 

O.7S 


0.61 
0.65 
0-59 

Fritz Raspberries, Gresham, Ore., Powell Silt Loam 


4 

Check 

3-07 

2.68 1 

1. 8 1 ' 

2.97 , 

no4§ 

5 

CuSO-t, 3of 

3.20 

2.70 

1.56 1 

2.73 

1.14 

10 

Check 

3.22 

3.1B : 

2.21 1 

3-34 ! 

1.62 

12 

vS> 30 

3.1 1 

3.16 1 

2.14 1 

3.12 i 

2.00 

22 

CaS04, 30 

3.15 

3-09 1 

1.98 ! 

3-43 I 



0*75 

0.96 

0.68 

0.71 

0.68 


2.63 

2-55 

2.99 

2.88 

2.91 


Jackson Boysenberries, Gresham, Ore., Powell Silt Loam 


32 

Cu SO4, 30t 

, 

7.12 

i 4-95 

2.81 

3-24 

34 

Check 

— 

6.f6 

1 441 

■2.62 

2.91 

42 

Check 

. 

5.83 

1 4.60 

4.29 ■{ 

347 

44 

s, 30 

— 

7.21: 

1 4-54 

3-54 1 

3.27 

46 

CaSOi, 30 

j 

— 

1 2.38 : 

2.43 ! 

2.40 


"^'Data courtesy of W. L. Powers. 

tBroadcast 40 pounds per acre in 1940, 1942, and 1943. 

t Broadcast 30 pounds per acre in 1939, 1942, and 1943. 

§Not included in average as area quarantined after harvest of only part of crop. 

gated. To obtain field response from additions of a fertiliser element, 
a deficiency must be eliminated by the addition either supplying the 
limiting element or by increasing the availability of the native materi- 
als present through some secondary cause such as changes in soil re- 
action or pH. These considerations suggested two possible lines of 
attack. The first was an aA^ailability study of the native copper 
supplies of the soils suspected of giving a response, even though 
erratic, based on solubility in various extractants. The second was 
a fixation vStudy based on the apparent beneficial effect noted chiefly 
the year of addition. 

LABORATORY STUDIEvS OF vSOIL COPPER SOLUBILITY 

ACID EXTRACTION vSTUDY 

Previous to attempting research on this problem, a method for 
the laboi^atory determination of copper in plant and soil materials 
was adapted to the soils studied. The method of copper detennination 
as outlined by Sherman and McHargue (5) which utilizes the highly 
colored solution produced by copper in the presence of sodium- 
diethyl dithio carbamate in alkaline solution was used, the color 
intensities being read with a Klett-Sumiiierson colorimeter. The 
sensitivity of this reagent is such that precautions to guarantee 
copper-free reagents must be taken. 

Four surface soils which had indicated an emtic response to 
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copper sulfate fertilization were used in these studies/^ They include 
the Olympic silty clay loam, a brown soil from the Ede farm, Lacomb, 
Ore.; Hammond sandy soil, which contains considerable organic 
matter, from the McConnell poultry farm, Camp Clatsop, Ore.; 
Powell silt loam, a soil from the Fritz farm in Gresham, Ore. ; and 
Labish peat, an organic soil taken from the Lake Labish area near 
Salem, Ore. . * 

One hundred and fifty pound samples were collected from the three 
mineral soil areas and 75 to 100 pounds from the peat area. These 
soils were brought to the laboratory, air chied, thoroughly mixed, 
and screened before use. Approximately i kilogram of each soil was 
placed in containers convenient for stoi'age in the laboratory and 
small samples were removed from this master sample as needed for 
analysis, 

A pi*eiiminary acid extraction study was made to determine the 
solubility of soil copper in boiling nitric acid of different strengths. 
Five-gram samples of each soil were subjected to successive extrac- 
tion with neutral normal ammonium acetate, boiling normal, boiling 
5 nomial, and boiling 10 normal nitric acid. The boiling operation 
was carried out for a pexdod of 10 minutes with cover glasses UvSed to 
prevent excessive acid concentration changes. After the individual 
extractions were made, the samples were filtered, washed, and treated 
with the next strength extractant. Filtrates were taken to dryness 
and hydrochloric and nitric acids added and evaporated to dryness 
again. This operation removed organic matter in all cases except 
with tlie peat soil which prickled to repeated treatments with the same 
sokitic:)os. The extracted materials were taken up with dilute HCl 
and made up to volume. The copper content was then determined 
in an aliquot of this .solution. In the case of the ammonium acetate 
leacliate (exchangeable copper) all of the extract from, a ^-gram sample 
was used to get a satisfactory Klett reading because in all cases the 
exchangeable copper was found to be less than i p.p.m. With the 
acid extractions one-tenth of the total volume was found to give 
convenient readings. The results of this study are found in Table 2. 


Table 2 .— Capper extracted from four soils using differe7tt sir etiglh exir actants. 


Soils 

■ ■ 

NH4 
acetate, 
exck. Cu, 
p.p.m. 

^ N/x 

1 HNO3, 
p.p.m. 

5 N 
HNO3, 
p.p.m. 

10 N 
NHO3, 
p.p.m. 

Total 

copper 

ex- 

ti*acted, 

p.p.m. 

HaniiBond sand ' 

0.30 

JO.O 

xo.o 

3.4 

23.7 

Olympic .silty day loam . . . 

0,40 

27.0 

19.4 

1 0.0 

57-0 

Powell silt loam 

0.16 1 

19.0 

8.6 

2.4 

30.2 

Lahisli: peat... . . ..... 

0.60 ■ 

a.o 

10.0 

■ 5*2 1 

23.8 


The total copper content of these .soils was determined by digestion 
with a mixture of perchloric and hydrofluoric acids with subsequent 
color development as described above. The results are found in T able 3 . 


^XJapublislied data of W, L. Powers. 
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Table 3 . — Parts per million of acid extractable copper and total copper and the 
percentage of acid~extr actable copper. 


Soil 

Copper ex- 
tracted by 
successive 
HNOs ex- 
traction, 
p.p.m. 

Total 

copper, 

p.p.m. 

Difference, 

p.p.m. 

Percentage 
copper ex- 
tractable 
by acid 

Hammond sand 

23-7 

68.0 

44-3 

34.8 

Olympic silty clay loam 

57.00 

174-0 

117.0 

32.7 

Powell silt loam 

30.16 

78.0 

47.8 

404 

Labisli peat 

23.8 

60.0 

36.2 

39-7 


The solubility of soil copper to the extracting technics used 
varied with the different soils and the net quantity extractable 
became smaller with increasing strength of acid used. With the suc- 
cessive acid treatments the soils release about 40% of their total 
copper, 60% remaining insoluble. The copper in exchangeable form 
probably available for plant use is very small in amount, ranging 
from 0.16 to 0.60 p.p.m. Since none of the soils are low enough in 
available copper to cause plants to exhibit deficiency symptom>s when 
grown in the soil in the greenhouse, it is assumed that a supply of 
o.i to I p.p.m. of exchangeable copper is sufficient for normal growth, 
provided that quantity is maintained. If such is the case, the ability 
of a soil to provide a working margin of 0.5 p.p.m, of copper available 
to plant roots should indicate roughly the boundary between response 
and no response to copper additions. As shown later, copper extracted 
by boiling normal nitric acid represents that copper which, through 
weathering and other processes, ma}^ become available for plant use 
as the exchangeable supply is lowered. If a field response to added 
copper is obtained, it may be because the exchangeable or available 
form has either been depleted by crop absorption or because of a fail- 
ure of the slowly available form (acid soluble) to become available to 
the roots. Such a failure could be due to an extremely low native 
supply. From the above data it will be seen that the soil with the 
highest total copper is the soil able to deliver the largest quantity 
of copper to a boiling acid treatment, yet sufficiently large quantities 
of copper exist in the normal nitric acid extract of all the soils studied 
to offset deficiencies for many yeaxs, provided an equilibrium exists 
between immediately available and slowly available forms. This 
equilibrium is shown to exist in tha fixation study reported later in 
this paper, 

^ It is of interest to note that the mineral soil giving the most con- 
sistent field response to copper additions, the Olympic soil, is also 
the soil which has the highest exchangeable, slowly available, and 
total copper contents. Since additions of copper compounds to this 
soil tend to cause increased fruit production, the other soils should 
show at least equally great responses when copper is added to them. 
Such is not the case to date, leading one to suspect that the response 
obtained is not due to the added copper but rather to some other 
factor or factors. The possibility of sulfur being the deficient element 
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has not been entirely removed. Soil and plant differences, improve- 
ment in flora due to partial sterilization, or the addition of a bacteri- t 

cidal substance or some combination of these factors should also be f 

considered. 

The wide \'-arlation in available copper exhibited by these soils 
does not explanation as to why copper additions should 

gi\'e an iiaavasc^d crop growth. Consideration of the supplying power 
a,s measured by cxtraetability also fails to indicate a solution to the 
pro]:>1em. It is likely that the copper in the peat and sand soils exists 
chiefly in organic froms, yet as with the mineral soils, the copper is 
largely insoluble in the acid used. The variation from 60 to 174 p.p.m. 
of tot'-al copper passing from the organic soil to the mineral soils is 
not unique, but the presence of 174 p.p.m. of copper is considerably 
higher t.hcin flgures previously published on total copper content of 
soils. This soil is the Olympic silt}^ clay loam, a brown soil developed 
from basaltic rocks. 

FIXATION STUDY 

The solu])ility stud\^ fails to suggest reasons for the erratic response 
to (M-43per additions. In order to investigate the cause for observed 
increasi‘S iho, year copper additions are made with no pronounced 
carry-over of the fertilizer effects the vSecond 3?'ear, the possibilty of 
enp])er lixation in a foi'in not. extracted by neutral normal ammonium 
aci‘tate was invc‘Stigated. lu this study the four soils W€U'e subjected 
ix) two dilTcretU laboratt.ay treatments and received copper additions 
at six diilerent rates. 

r)u|)lieate 1 00-gram samples of each soil were treated with o, 5, 

10, 40, 80, and i6o tep.m. of copper as copper sulfatCv The soils were 
then alternately moistened with copper-free water and dried in an 
ovL‘n at 105*^ C .10 consecutme times. The soils were then subjected to 
exiraedion with the neutral acetate and boiling i and 5 normal nitric 
acid. Copiier was determined in the extracts and all added copper 
not removed with the acetate leach -was considered fixed. 

Additional duplicate samples were stored in a moist condition (30% 
wxiter in the mineral soils; 50% water in the peat soil) at room tem- 
perature for 100 da3"S. At the end of this period 20 grams of soil from 
each sample were removed, allowed to become air dry, and the ex- 
tractions outlined above were carried out. At the end of an additional 
100 days this operation tvas repeated. 

Data obtained from the alternate wetting and drying operations 
and from the moist storage at two loo-day intervals are shown in 
Table 4. 

ALTERNATE WETTING AND DRYING 

Comparing the original untreated soils with the soils receiving 
the heat treatment but no addition of copper, alternate wetting and 
drying of the mineral soils resulted in an increase of the available 
co])per, wdiereas the organic soil resulted in a decrease. The increases 
are rather large, particularly with the Powell and Olympic soils. This 
release of insoluble copper to soluble foniis con'elates with the results 
obtained by Bray and DeTurk with potassium, (i). These investiga- 



f 

I 
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tors obtained release of potassium from insoluble forms by a similar 
heat treatment. The native copper content of these soils is much 
greater than that of the Hammond or the organic soil and likely 
facilitates the release of copper. The drastic alternate wetting and 
drying treatment probably encouraged organic combination of copper 
which would account for increased quantities of insoluble copper in 
these soils. 

The exchangeable copper of the uncoppered soils decreases during 
the wetting and drying operation with a resultant increase in acid 
insoluble forms. The addition of copper has resulted in fixation in all 
cases, the combined acid extractions removing only part of the added 
copper. Thus, fixation beyond extractability in boiling 5 normal 
nitric acid accounts for a large portion of the added copper. Fixation 
within the arbitrary solubility limits of boiling normal and boiling 
5 normal nitric acid varies for the different soils and the different 
additions from 20 to 100% of the added copper. With the Hammond 
sand an average of all treatments indicates 75% of the added copper 
is extractable by the acid treatment; Olympic soil, 15%; Powell soil, 
70%; and the organic peat, 65%. The Olympic soil, which contains 
the largest quantity of native copper, and which also is the soil that 
apparently responds more consistently to copper additions in the 
field, retains added copper in insoluble forms to a greater degree than 
the other soils. This high average retention percentage is shown by 
the failure to extract any of the 10 p.p.m. addition. However, ex- 
cluding this one addition from the average, a high retention for this 
soil is obtained, namely, 37% of the addition. Such a high retention 
of added soluble copper casts light on the problem of erratic response 
by this soil. 

MOIST STORAGE 

Data from samples stored in a moist condition are available for 
two periods of 100 and 200 days, respectively. Wide variations in 
the amounts of extractable copper in the different forms at the two 
sampling periods suggest that the copper exists in forms which are in 
equilibrmm with each other. The results are not sufficiently consistent 
with vsize of addition to indicate a stable equilibrium, yet in general, 
the more copper added as copper sulfate, the more fixation occurs in 
all forms measured. 

With the uncoppered check soils less copper was found to be ex- 
tractable after being moist 100 days, the quantity decreasing with 
longer storage. Where copper is added the equilibrium is unbalanced 
and absorption in the different soils and with the different rates of 
treatment varies from instances where no copper is left exchangeable 
to where some 4 p.p.m. are exchangeable. The same is true in degree 
in regard to the acid-soluble classes. Also, significant rearrangement 
of the equilibrium occurs in the second 1 00-day storage period and 
copper is shifted in solubility from one form to another. Wood and 
DeTurk (7) have desciibed this shifting equilibrium in regard to soil 
potassium in Illinois soils, while Jamison (3) has described copper 
fixation in Florida soils. ■ 
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distilled water and dried in an oven at io$° C lo consecmtive times before determination of fate of copper. 
TDOiIs tnorongiiiy mised witii copper addition in solution and stored moist for two loo^dav periods. 
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Comparing the results of the two t^^pes of ti^eatment — alternate 
wetting and drying and moist vStorage — fixation in acid-vsolubie forms 
is greater where stored moist than with the drying technic, indicating 
a more tena.cious or total fixation with the latter type of treatment, 

GREENHOUSE STUDIES 

A greenliouse study with the four soils planted to oats with copper 
additions at two ixites, lo and 50 pounds of copper per acre, was 
(‘onducted. In none of the trials was copper found to increase plant 
growth. 

In order to correlate the degree of fixation with plant growth, 
small duplicate pots containing less than 50 grams of the soils which 
had fixed copper as above described -were planted to Bountiful beans. 
No fertilization was given the pots at first, but later it was found 
necessary to give small additions of a 3-10-10 ratio fertilizer in order 
to keep the plants healthy. Germination appeared to be slow, but 
there was no coiTeiation between duplicate pots or soil treatment. 
The small size of the pots naturalh?- made tx'anspiration a problem 
when the plants reached full leaf, however, no serious wilting oc- 
curred. The plants grew to maturity and produced bean pods even 
though tlie soils had received copper additions ranging from none to 
,160 p.p.m. This indicates fixed c‘opper was not available to the bean 
plant -in toxi<‘ amounts. Since there was no relationship between 
response and treatiiient aial siticet uptake of copper was not important 
in tlus^siudy, no chemical analyses were made or yield data taken, 

SUMMARY AND CONCLUSIDNvS 

Experiments are described which were made on four typical Oregon 
soil types to study the causes of erratic i*esponse to copper sixlfate 
fertilization of cane fruits. These experiments included a solubility 
study using extractants of increasing strength; a fixation study in 
which amounts of copper as copper sulfate up to 160 p.p.m. were 
added to the soils; greenhouse work using low-copper and high-copper 
applications; and an availability study of fixed copper using beans. 

The following conclusions appear to be justified: 

1. An acid extraction of soils using boiling i and 5 normal nitric 
acid established arbitrary boundaries with copper solubility that 
were reproducible. 

2. Acid extraction of the four soils studied indicated that, although 
the soils differed in total native copper contents and in the amounts 
extractable by neutral normal ammonium acetate and by different 
strength boiling nitric acid, the quantity of copper available was 
sufficient for plant growth. 

3. Soil C(.)pper exists in an equilibrium between available, slowly 
avaikilile, and extremely slowly available forms. These forms contain 
sufficient copper for plant needs, hence yield increases niay not be 
obtained from soluble copper additions to the soils studied. 

4. Copper fixation absorbed most of the addition whether the soil 
was subjected to an alternate wetting and drying or to a rnoist storage. 

5. Oat plants gave little or no response to copper additions. 


WOOD : COPPER STUDIES WITH OREGON SOILS 


291 


6. Fixed copper is not available to growing bean plants. 

7. None of the four soils studied responded definitely to copper 
additions by increased growth and it is doubtful that use of copper 
supplements in these soils would prove economical. 

8. Erratic response obtained in the field appears to be due to factors 
other than a deficiency of copper in available forms in the soils 
studied. 
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AMOUNTS OF FERTILIZER ELEMENTS REMOVED 
BY PEAS AT THREE STAGES OF GROWTH^ 

Benjamin Wolf^ 

A KNOWLEDGE of the amounts of nutrients removed by a crop, 
the rate of such removal, and the soil’s ability to meet such de~ 
tTiand is of great practical importance to the agronomist. The results 
reported in this paper are an attempt to obtain such knowledge for 
a crop of canning peas (variety Thomas Laxton) grown under South 
Jersey conditions. 

METHODS 

Two fields wcip'e selected in 1943 for the purpose of this study. The fields, con- 
sisting of Sassafras loam soil, varied considerably in previousTa'Op yields. Peas 
were xfianted in field No. 7 on April 15 and in field No. 92 on April 17. They 
had been, fertilized before planting with approximately 1,500 pounds per acre 
of a 4"! 2-8 fertilizer, broadcast and disked into the suiiace. Abundant moisture 
and favorable temperatures aided in producing large crops. Harvested on June 
17 and 19, field No. 7 produced 4,300 pounds and field No. 98, 2,400 pounds of 
shelled peas, respectively. 

Five crop Svamples consisting of 2 sq. ft. each of g,i'owing peas were selected 
from each field approximately 35, 49, and 63 days^after planting. Nearly all vines 
were blossoming and a number of small pods had formed at the end of the 49-day 
period. The sampling at 63 da>xs after idanting was just prior to harvesting. 

In all cases, tlie plants were carefully dug from the soil in an effort to remove 
the majority of the roots. The roots were later washed free of soil. The plants of 
the last sampling were divided into roots, vines, jiods, and seeds. 

Samjdes of the Aj* layer of soil were also collected at each sampling date. 
Portions of tlie plant samples were dried and ground to a fine powder. These 
samples were analyzed for total N, P2O5, and KaO by rapid chemical tests (i).^ 
Samples of the fresh tissue (stems) and soil were analy^sed for soluble phosphorus 
and potassium (2). Nitrate N in both plant and soil was determined by the 
Brucine reactkm (3), 

REvSULTS 

The results of the various tests are given in Tables i and 4. The 
atnounts of dry matter produced and the nutrients removed during 
three different periods of growth are given in Table i. 

It was quite apparent from the results in Table i that the amounts 
of nutrients removed bore a direct relationship to the yields of the 
crop. The 4,300 pounds of (fresh weight) shelled peas in field No. 7 
removed 81 pounds of N, 37 pounds of P205r and 70 pounds of K2O 
as compared to 45 pounds of N, 20 pounds of PoOs, and 3^ pounds 
of K3O for the 2,400 pounds of shelled peas in field No. 98. However, 
the amountvS of nutrients removed by the crop to produce a hundred 
weight of shelled peas was quite similar (Table 2). 

Analyses of vatious ptadions of the pea plants of the last sampling 
were used to calculate the amount of nutrients removed from an 
acre to form various portions of the plant. The results are given in 

Table s. ■ ■ ' 

EMritributioii from the G, L. P. Seabrook Farms Raw Products Research 
Division, Seabrook Farms, Bridgeton, N. J. Received for publication December 
4, 1944. 

V “Soil Chemist."; 

^Figures in parenthesis refer to “Literature Cited”, p. 296. 
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Table i. — Amount of dry matter produced and fertiliser mitrieyiis absorbed by an 
acre of peas durmg different periods of growth. 


Period 

Dry weight 

N 

P20r, 


of growth, 
days 

Lbs. 

% of total 

Lbs. 1 

i 

% of total 

Lbs. 

% of total 

Lbs, 

i 

% of total 


Field No. 7 


0-35 

36-49 

50-63 

490 

L735 

3 iI 25 

9 

32 

59 

10 

24 

47 

12 

30 

58 

i 3 ] 

1 10 
24 

8 

27 

65 

8 

31 

31 

II 

i 44 

45 

Total. . .1 

5i35<^> 

100 

1 81 

100 

1 37 

100 

70 i 

1 100 




Field No. 98 





0-35 1 

250 

8 1 

^ 1 

^3 

I 

5 1 

4 ' 

1 1 

36-49.. . . . 

L275 

37 i 

18 

40 1 

7 

35 1 

24 ' 

65 

50-63 

L775 

55 j 

21 : 

47 1 

9 

60 j 

12 ; 

24 

Total. . . 

3,300 

TOO i 

45 ' 

100 

17 

100 

60 i 

roo 


Table 2. — Pounds of nutrients removed by the entire crop for each hundred weight 
of shelled peas produced. 


Nutrients 

Field No. 7 

Field No. 98 

N 

1.88 

1. 88 

PoOs 

0.86 

0.83 

KoO 

1.63 

1.54 


Table 3. — -Pounds of nutrients removed from a7i acre by various portions of pea 

plants. 


Nutrients 

i 

Field No. 7 

Field No. 98 

Roots 

Vines 

' ■ -j 

Pods 

Seeds ^ 

Roots 

Vines 

Pods 

Seeds 

N 

4 

35' 

14 

28 

2 

i 

19 1 

8 1 

16 

P^Ois.. 1 

I 

13 1 

7 

16 

I 

6 

4 

8 

K2O 

3 

43 ‘ 

10 

14 

3 

17 

7 1 

10 


In an effort to determine whether the fertilizer applications had 
been satisfactory, soluble nutrients in the soil and plants of each 
sampling were determined. The results are given in Table 4. 


DISCUSSION 

_ Because of favorable climatic conditions, yields were unusually 
high in 1943. The 4,300 pounds of shelled peas produced on field No. 
7 is one of the largest yields produced in this area for a number of 
years. The 2,400 pounds of shelled peas produced on field No. g8 
would be considered a good crop in most years. The figures for field 
No. 98 would more often conform to the amounts of nutrients re- 
moved by a good crop of peas. 
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Table 4 . — Soluble milrients in soil and plants at different sampling dates. 




Days after planting 


Niitrients 

35 

49 

63 

, 

i 

SoiT'-' 

Plant t 

SoiI^= 

Plant t 

SoiP 

Plantf 


Field No. 7 


NO«-fN ] 

■54 1 

3400 

! 17 

1,000 

12 

800 

P2O5.... 1 

48 

2,600 

1 37 

2,200 

'40 ■ - 

2,200 

iv20 . . . . 1 

240 

12,000 

1 140 

8,300 

115 i 

6,500 



Field No. 98 




NO;rfN. ' 

62 

3,500 j 

40 

1,500 

20 

2,300 

P2O5. i 

20 

1,300 1 

24 

1,400 

24 

1,400 

1C..0 

80 

4,800 1 

36 

1,000 

14 

1,500 


’^'Expressed in pounds per 2,000,000 pounds of soil. 
tEsprcssed in p.p,m, of stem tissue on a dry-weig{ht basis. 


^ The amoiints of nutrients removed by these two crops were rather 
high, with most of the nutrients being absorbed in the last few weeks 
of growth. Froni^47 to 58% of the N, 60 to 65% of the P2O5, and 24 
to 45% of the K2O was absorbed by the plants in the last 2 weeks 
(Tgiowtli (Table i). 

The heavy drain of nutrients during the last 2 weeks of growth 
was evidently favored by two factors. First, a large proportion (ap- 
proKimately 55%) of the dry matter was produced in this period. 
Second, the formation and ripening of seeds drew heavily on both N 
and P^Or,. The pods and seeds contained mote N and P2O6 than the 
remaiiKlcr of the plant, . 

This knowledge of the periodicity of nutrient removal is of utmost 
importance in formulating fertilizers to feed the crop. It would seem 
advisable to have a good supply of nutrients present in the last few 
weeks of growth. Not only must the supply be rather large, but it 
must also be readily available since large amounts of nutrients are 
absorbed in a short period of time. Soil and plant analysis (Table 4) 
would indicate that this was not the case for all fertilizer nutrients in 
these tw^o fields. While P2O5 seemed to be rather constant for the three 
sampling dates, both N and K2O contents dropped markedly as the 
season progressed. Wherever possible, it would seem advantageous 
to apply a portion of the N and K2O several weeks after planting, 
perhaps in liquid form. Late applications would help insure a good 
supply of these nutrients \vhen seed formation takes place. Ferti- 
lizers compounded with a portion of its N resistant to leaching and 
available about 5 to 7 -weeks after planting would also be worthwhile. 

In this area, pea yields arc markedly affected by the organic 
matter in the soil. As a rule, yields are high where the soil organic 
matter is high and mce versa. Evidently, part of this relationship is 
due to the ability of the organic materials to supply nutrients at a 
late period of growth when the need is greatest. 

The amounts taken up by a crop to produce a unit weight o£ peas 
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was rather constant despite wide differences in yield. If this relation- 
ship is universally true, it would be of great help in calculating the 
fertilizer nutrients removed. Such calculations could be made simply 
from the crop yields. 

Although large amounts of nutrients were needed to produce large 
crops of peas, a good portion of these nutrients could be returned to 
the soil. The shelled peas contained less than half of the nutrients 
necessary to produce the crop (approximately one third of the N, 
two fifths of the PsOe, and one fourth of K2O)'. Returning vines and 
pods to the field conserved a good portion of the fertilizer nutrients 
necessaiy to produce that crop. 

Analysis of soluble nutrients in soil and plant can be valuable aids 
in measuring the fei'tility changes. The analyses of the stem were 
directly correlated with the soil nutrients. As has been pointed out, 
both nitrate N and K2O (iropf)ed markedly in both soil and plant. 
In field No. 7, the nitrate N content and in field No. 98 the K2O 
of both soil and plant dropped to a veiy low figure. Previous cor- 
relations have shown that these figures are too low for maximum 
production. Soil nitrate N is not a very good index of the available 
N supply. However, since both the soil and plant nitrate was very low, 
it must be considered that of the fertilizer nutrients, N was the 
limiting factor in field No. 7. Potash, evidently, was the limiting 
factor in field No. 98. 

Large amounts of N fertilizer are necessaiy for maximum pro- 
duction of peas if they are to be grown continuously in the same 
fields as is the case in South Jersey. In such cases the large amounts 
of added N help to alleviate the ill effects of root rots. The 60 pounds 
of N supplied by the mixed fertilizers was inadequate for field No. 7. 
Some additional N was supplied from oi'ganic reservas in the soil. 
Also, some N may have come from bacterial fixation. Flowever, the 
N supplied from this latter source is usually small when large amounts 
of N fertilizer are applied. Yields had removed seventy one pounds 
of N and considerable N is usually lost by leaching. This resulted 
in a low N supplied at the end of the growing season. Even so, this 
lowered supply came at a late period and did not produce any de- 
ficiency symptoms nor markedly decrease the crop. The amounts 
supplied by fertilizer and other sources was evidently satisfactoiy 
in field No. 98 where only 45 pounds of N were tied up in the crop. 

The P2O5 in both plant and soil varied but slightly in the entire 
season. The constant and relatively high amounts would indicate that 
this nutrient was ever present in sufficient quantities for the needs of 
the plant. 

The 120 pounds of K2O supplied by the mixed fertilizer was evi- 
dently running very low at harvest time in field No. 98. This is re- 
flected in both the soil and plant analysis for available nutrients. 
The small amounts of total K2O taken up in the last 2 weeks of 
growth (Table 2) is another indication. Field No, 7, evidently start- 
ing with a larger reserve of available K2O was able to supply enough 
K2O for a much larger crop. Although the potash contents of both 
soil and plant dropped during the growing season, the amounts 
present never approached deficiency levels. 
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CONCLUSIONS 

A study of two fields of canning peas (Thomas Laxtoii variety) in 
i943j yielding 4^300 and 2,400 pounds of shelled peas, respectively, 
revealed that 

1. The htglvyielding crop removed 81 pounds of N, 37 pounds of 
P2O5, and 70 pounds of K2O as compared to 45 pounds of N, 20 
pounds of cind 37 pounds of K2O for the smaller crop. 

2. From 55 to 59% of the dry matter was produced and 47 to 58% 
of the N , 60 to 65% of the P2O5, and 24 to 45% of K2O were absorbed 
in the last 14 days of growth. 

3. The two crops utilized approximately 1.90, 0.85, and 1.55 pounds 
of N, P2O5, and K2O, respectively, to produce a hundred pounds of 
shelled peas. 

4. The shelled peas contained only about one third of the N, two 
fifths of the P2O5, and one fourth of the K2O necessary to produce 
the crop. Returning the vines and. pods to the fields would be an im- 
portant factor in maintenance of the soil fertility. 

5. Soil and plant analysis can be used to advantage in studying 
the nutrient status. Specifically in 'these studies, soil and plant 
anah/sis revealed (a) that N and K2O levels dropped markedly as 
the season progressed, while P20|, remained fairly constant; (b) the 
60 pounds of N supplied by the mixed fertilizer was exhausted in 
prodiiciiig the 4,300 pounds of shelled peas; and (c) the 120 pounds 
of K2O su|)plied by mixed fertilizer wtis inadeciuate for the 2,400 
pound yield. Reserves of K^O in this field \Yere evidently too low 
for this cTop yield. 
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CROP RESIDUE MAMAGEMENT IN DRY»LANB 
CROPPRODUCTION^ 

0. R. Mathews^ 

\ METHODS of crop production that involve leaving at least a 
i\/i part of the crop residues on the surface have been under trial 
for many years in cooperative experiments at field stations in the 
Great Plains and the Columbia River Basin at which the Division 
of Dry Land Agriculture of the U. S. Dept, of Agricultiire has been 
the operating or cooperating agency. Results at different stations 
have appeared as parts of general publications from time to time. 
This paper has been prepared to bring together some typical results 
and give an over-all perspective to the role of crop residues in dry- 
land crop production. 

The earliest trials were comparisons of the plow and the disk, and 
were made to determine whether the rather expensive operation of 
plowing could be omitted for one or more years without reducing 
yields, rather than for the specific pmpose of leaving stubble on the 
surface. Later, as implements that left more debris on the surface 
came into wider use and as the need for protection against wind 
emsion, particularly on land being fallowed, became more apparent, 
experiments were conducted for the specific purpose of detennining 
the effect on yields of implements leaving surface residues. The 
extensive use of the combine-harvester, which leaves all the straw 
on the land., further increased the need for crop residue stxidies, as it 
was feared that plowing under the larger quantity of straw and 
stubble produced in favorable years might leave the soil too loose. 

In the results reported here the methods under trial have been 
divided into three groups, viz,, (i) methods that leave all or nearly 
all of the crop residues on the surface, (2) methods that leave part 
of the crop residues on the surface, and (3) methods that leave little 
or no residues on the surface. Other phases of the experiments, such 
as the time of operations and the use of different types of tillage 
equipment, have been necessarily omitted. The results presented, 
however, restrict comparisons to those in which the different initial 
operation were performed at approximately the same time. 

The implements used for leaving as much of the residues on the 
surface as possible were the plow and the lister without moldboards, 
the rod weeder, the Noble blade, and different types of sweep imple- 
mentsranging from comparatively narrow duclcfoot shovels to sweeps 
30 inches or more in width. The implements leaving part of the resi- 
due on the surface were the disk, oneway, and lister. In all cases 
where the residue was considered completely buried, the plow wavS 
the implement used. 

^CoutributioG from the Division of Dry Land Agricultme, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, U. S. Dept, of Agriculture, Most 
of the work was in cooperation with the state experiment station in the respective 
states. In recent years some of the work was carried on in cooperation with the 
Soil Conservation Service. Received for publication Tanuary 2, lOdS. 

^Senior Agronomist. 
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Tn any discussion of crop residues it should be emphasized that 
not only the original tillage operation but also the follow-up opera- 
tions to control weeds detemiine how much remains on the surface. 
For example, a single operation with a oneway buries part of the 
residue but leaves some of it on the surface. The use of a rod weeder 
following the oneway returns to and leaves on the surface a consider- 
al)le poriion of the buried residue. On the other hand, repeated use 
of the mieway may bury or destroy the portion left on top by the 
original^ operation. In experiments cited, there has been an attempt 
to consider surface conditions throughout the cultural period as well 
as following the first operation. 

EXPERIMENTAL RESULTS 

The results are presented separately for fallowed land and for 
cropped land, Ijecaiise the cultivation of land that is being fallowed 
extends o\'er much the longer period. 

RESULTS ON FALLOWED LAND 

The i>rimary purpose of fallowing in dry-land areas is to store 
moisture. To accomplish this purpose the land is kept free from weeds 
anil fjiher vegetation for an entire growing season. Thus, there is a 
long period during which crop residues may have an opportunity 
i{.) moisture penetration and conservation. Fall-sown small 

grains arc usiLally seeded in September or early October, and in the 
H?.)uthern Orcat Plains they frequently produce enough cover to pro- 
tect. the soil against wind erosion. Fallowed land on which spring 
grains a,r(‘ to be grown lies bare over winter and is particularly subject 
to injury by wind erosion unless protected by cultivation or by crop 
residues, prefeiTibly the latter. The early studies on land being fal- 
Irnvcd were made to determine whether crop residues would control 
wind erosion, and if so, whether controlling it by this method would 
increase or decrease crop 3fields. Later, as it became evident that 
yield differences w^ere small, replica, ted experiments were initiated 
to obtain a more precise measure of them. 

Stubble disintegrates rather rapidly during summer in the Great 
Plains, and the quantity of residue left on the surface at the end of the 
fallow season is not large, even when as much of it as possible is re- 
tained. Particularly in the northern Plains, where most of the grain 
was binder haiwested, cultivation during the summer buried or 
desiroyed practically all the residue on plots where the straw was 
partial^ incorporated into the soil by the initial tillage^ operation, 
and little information is available on methods that retain a partial 
residue cover during the entire fallow season. In Oregon, where the 
summer is almost rainless, decomposition of straw is slower, summer 
cultivation to control weeds is not needed so frequently, and it is 
possible to represent the three types of cover more adequately. 

Yields of grain grown on land fallowed by different methods are 
prcvsented in Table X. 

Results show that the position of the crop residue had little effect 
on yields, except at Pendleton, Ore. In general, the differences were 
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Table i. — Yields of small grains on land fallowed by methods leaving different 
gtiantities of crop residues on the surface. 


1 

Station 

Years 

Crop 

Residue 
on sur- 
face, 
bu. 

Part of 
rcvsidtie 
on sur- 
face, 
bu. 

Residue 

buried, 

bu. 

Havre, Mont. 

1926-43 

vSpring wheat 

14.0 

— 

16.3 

Havre, Mont 

1942-43* 

Spring wheat 

31-3 

■ — 

29.5 

Havre, Mont 

1938-43 

1 Barley 

25-1 

— 

28.6 

Tudith Basin, Mont. . . 

1932-43 

! Winter wheat 

13.8 

— 

14-7 

Sheridan, Wyo 

1925-42 

: Spring wheat 

20.1 1 

— ■. 

20.5 

Archer, Wyo 

1938-42 

■ Winter wheat 

19-5 1 

20,8 

— 

Archer, Wyo 

1924-36 

! Winter wheat 

ru3 

— 

11,7 

Dickinson, N. Dak. . . . 

1928-43 

j Spring wdieat 

20.5 

' — 

19,8 

Dickinson, N. Dak. . . . 

i924-43t 

, Spring wheat 

18.9 

— 

17.1 

Mandan, N, Dak 

1933-43 

i Spring wheat 

20.3 

— 

19.9 

Belle Fottrehe, S. Dak. 

1932-43 

Spring wheat 

15.9 

! 

15.3 

North Platte, Nebr. . 

i937-43t 

! Winter wheat 


1 24.0 

22.4 

Akron, Colo 

1928-41 

i Winter wheat 

1 12. 1 

II.8 

11.8 

Akron, Colo 

1942-43^ 

; Winter wheat 

34-6 

32.4 

35‘3 

Colbv, Kans 

1932-43 

^ Winter wheat 

13.6 

14.2 

13.7 

Hays, Hans. 

1939-43 

1 Winter wheat 

1 12.8 

13.0 

13.0 

Garden City, Kans. . . . 

1943 

; Winter wheat 

18.5 

— 

20,4 

Moro, Ore ! 

1940-43* 

1 Winter wheat 

30.6 

30.8 

31.2 

Pendleton, Ore 

1940-43* 

Winter wheat 

: 33-7 

36.0 

38.3 

Pendleton, Ore ....... 

1931-40 

^ Winter wheat 


36.6 

41.8 


^Replicated randomized experiments. A significant difference between treatments was sbowii 
at Pendleton only. The experiments at More and Pendleton -were conducted by the Soil Con- 
servation Service, with the Bureau of Plant Industry, Soils, and Agricultural Engineering and the 
Oregon Agricultural Experiment Station as cooperating agencies. 
tPlots with residue on surface were slightly favored by location. 
ti94i not included. 

small and well within the range of experimental error. Long time 
results at Havre, Mont., appeared to favor the plow over the duck- 
foot; but a replicated randomized experiment, results of which are 
available for only 2 years, failed to show a significant difference 
between treatments. Similar experiments at Akron, Colo., and Moro, 
Ore., likewise failed to show significant yield differences. At Pendleton 
the maintenance of residues on the surface significantly reduced 
yields. The moisture supply at Pendleton has been sufficient so that 
the quantity of available nitrates has affected yields, and it appears 
that reduced nitrate fonnation is responsible for the lower yields on 
the plots with residues on the surface. 

Unworked or undercut combine stubble collects snow and stores 
more moisture during the first winter of a fallow period than land 
without such cover. Fallow cultivation at most northern stations 
begins in the spring, however, and all the methods under trial 
generally have the benefit of this initial storage. 

RESULTS ON CROPPED LAND 

Results of a number of experiments comparing the effect of dif- 
ferent methods of cultivation where a crop was grown on small grain 
stubble land are presented in Table 2. This table restricts compari- 
sons to those where the different types of operations were performed 
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at the same time and omits many comparisons of fall plowing with 
shallow spring cultivation. Tillage operations for winter grains 
g(Hierally started soon after harvest and at southern stations covered 
a period of several months before seeding. With spring-sown small 
grains ^there was little margin of time between the initial cultural 
operation and seeding, and no subsequent opportunity to kill weeds 
not destroyed in tlie initial operation. No data are available from 
Oregon, as the grain production of the dry-land wheat section of 
that state is conducted almost exclusively on an alternate fallow and 
crop basis. 

Table Yields crops on smaU grwin stubble cuitivated by methods leaving 
different quantUies of crop residue. 071 the surface. 


Station 


Havre, Mont 

Havre, Mont. 

Hiindey, Mont. 

Sheiidan, Wyo ........ 

Slieridaii, Wyo . 

Sheridan, Wyo 

Archer, Wyo-. 

Archer, Wyo .......... 

Archer, Wyo ........... 

DiekirLstm, N* Dak 

North Platte, Nebr 

North Platte, Nebr.. . . . 

Akron, Colo — 

Akron, Colo. 

Akron, Colo — 

Akron, Colo. .......... 

Colhy, Kana 

Gol.by, iCans 

,Hay.s, Kans. 

Hays, Hans. 

ilays, Hans, .......... 

Hays, .Kans.' . 

Garden City, Kans 

Woodward, Okla 

Woodward, Okla 

Lawton, Olda. 

Lawdoii, ( 3 ,kla 


Years 

Crop 

Residue 
on sur- 
face, 
bu. 

Part of 
residue 
on sui'- 
face, 
bu. 

Residue 

buried, 

bu. 

1917-29 

Winter wheat* 

— 

6.5 

6.r 

1928-43 

Spring rye* 

— 

: 7.7 

8.5 

1917-43 

1 Winter wheat* 

. — 

8.6 

8.6 

1918-43 

1 Winter wheaV^’ 

— 

14.2 

15*2 

1940-43 

Spring wheat 

27-3 

27.4 

27*5 

1938-42 

Corn 

15.8 


24-5 

1 924-4 X 

Spring wheat* 

" — 

6.2 

6.5 

1924-4^ 

Winter wheat* 

— _ 

7.3 

7-5 

1927-43 i 

Corn 

11.4 


10.9 

1924-43 

Spring wheat* 

— • ' 

94 

11.6 

1940-43 : 

Winter wheat 

;■ 25-3 


13*9 

1937-43 ■ 

Winter wheat* 


23*3 

12.5 

1925 - 43 ' ' 

Winter wheat* 

i ^ 

54 

5-6 

1930-43 

Spring ivlieat 



44 

4-5 

1930-43 

Oats 

— 

12.6 

25.2 

1930-43 

Barley 

— 

10.2 

12.3 

I932-43 

Winter wheat* 



“ 7*5 

6.9 

I 932"43 

Winter wheat 

; 

8.5 

8.3 

1924-43 

Winter wheat* 

— 

16.8 

17.7 

1931-43 

Winter wheat 

12.0 

— 

1 1.2 

1930-42 

Winter wheatf 

14.6 

23-3 

12.3 

1943 

Winter wheat f 

9-3 

II. 8 

10.6 

1 94 1 ”-42 

Winter wheat 

17.7 

r6.o 

— 

1933-43 

Winter wheat* : 


18.4 

18.4 

1942-43 

Winter wheat 1 

23.4 

25.7 

26.1 

1924-43 

Winter wheat , 

— 

11.7 

24.7 

1924-43 

Winter wheat* 

— 

13*9 

14.8 


’^.Rotations where plo win r ia followed by i, 2, 3, or 4 years of disking. 
tSeedbed studies involving four tillage, imjilements on six dates. 

JReplicatecl randomised e.xperiment; no significant diFerence between treatments. 


The data in the table to which the first footnote applies afford 
especially good comparisons beiTiuse the methods rotate over the 
same plots, thus reducing experimental error due to location. In con- 
nection with these sets of rotations, plots disked each year were used 
at a number of stations. The yields of such plots are not used in the 
table, but in most cases plots disked each year seemed to become 
somewhat less productive than those plowed at intervals. 
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Yield differences due to difference in placements of residue were 
small. All spring-sown small grains produced slightly higher yields on 
land where residues were buried. It is believed that a small difference 
actually exists, and that it is due chiefly to weed infestation. Shallow 
cultivation leaves more weed seeds in position to germinate promptly, 
and the greater production obtained from early seeding makes it un- 
desirable to delay seeding long enough to kill the weed crop emerging 
after the initial cultivation. 

Results with winter wheat were less consistent, but the average 
yields on land with all or part of the residue on the surface were more 
often higher than lower than on plowed land. The greatest difference 
in favor of plowing was at Lawton, Okla., in the first experiment 
listed, where plowing every year is compared with disking every year. 
Yields on land alternately plowed and disked (last line, Table 2) 
were only 0,9 bushel higher on the plowed than on the disked land. 

In the two experiments with corn, yields were slightly higher on 
the plots with residue on the surface. In an experiment at Belle- 
fourche, S. Dak., not shown in the table, conducted during a period 
of low yields and frequent failures, there was a very slight difference 
in favor of plowing, 

SUMMARY OF YIELDS 

In general it can be stated that in the Great Plains and in the drier 
part of the Columbia River Basin, leaving crop residues on the sur- 
face has had so little effect on yield that other factors, such as erosion 
control, weed control, and ease and economy of operation can be 
safely used to determine the extent to which the practice should be 
adopted. Any lack of nitrification due to the surface cover has been 
of no consequence since there was still a release of nitrates sufficient 
to supply the crops that could be produced with the quantity of 
moisture available. In the area represented by Pendleton, Ore., 
residues decreased yields, and if the practice is to be used there the 
other advantages must counterbalance the reduction in yield. This 
reduction may be avoided by the use of nitrogen feitilizers.® 

EROSION PROTECTION 
WATER EROSION 

The effect of crop residues on erosion by water has not been meas- 
ured in these experiments, except for one location in Oregon, but 
observations have been made over many years. Residues on the sur- 
face resist water erosion, but this does not mean that surfaces without 
residues are always susceptible, or that residues afford complete 
protection. Newly plowed land, particularly if plowed when dry 
enough to be lumpy, resists erosion and permits water to enter the 
soil readily, and the land remains resistant until rains and tillage to 
control weeds and prepare a seed bed have mellowed and leveled it. 

Water erosion is less of a problem in the Great Plains than in regions 

^Mimeographed circular by Stephens, D. E., Mitchell, G. A., Oveson, M. M., 
and Belanger, Joseph, entitled “Methods of Disposal of Crop Residues for Grow- 
ing Wheat After Fallow in Eastern Oregon.” 
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of higher rainfall, although summer rains are often torrential and the 
possibility of runoff is greater than might be expected from the 
average annual rainfalL In some years there are no rains heavy 
enough to cause material runoff from land given reasonably good 
cultivation. In other years the heavy rains come at times when the 
soil is able to absorb them. Under some conditions, however, the 
of rain may seal the surface and cause heavy runoff. Residues 
o\\ the surface break the force of the raindrops and make the soil 
less apt to seal over and reduce the damage from runoff that does 
occur by offering a physical obstruction to rapid water movement. 
\Y\mv spring-sown grains are grown on spring-cultivated small grain 
stublileland, the presence or absence of residues has little effect on 
erosion, as the newly worked land is usually in condition to absorb 
ordinary spring rains, and the crop generally reaches a stage of growth 
where it offers some resistance to erosion by the season of the year 
when torrential rains are most likely to occur. Stubbleland that is 
prepared early for a crop of winter wheat, as in the southern Great 
Plains, is usuall3" in good condition to absorb rains during the early 
part of the cultural period, but the land may be worked down enough 
before seeding time so that surfaces without residues may wash if 
Iieav}' rains occur. 

The greatest danger of erosion is on land being fallowed, as it 
bcconies compacted, and the quantity of water in the soil makes the 
pi*iu‘trat ion of ciciditioiial water difficult, but an erosion hazard is 
present on any land that is worked down level and not protected by 
(a*ops or resitlues, 

111 the C{>lumbia River Basin severe erosion is most likely to take 
place during the latter part of the winter after land has been fallowed, 
and cKTUirs chiefly ■when water from melting snow runs over the land. 
Soil and water losses at the location where they were measured 
Wi‘rc k:>west on land mith all the residue on the surface, with little 
diitercnce shown between bare land and land where the residue was 
partially incorporated into the soil. 

WIND EROSION 

Observations on wind erosion cover many years, but experimental 
evidence is lacking. We know of no field experiments where differences 
in wind erosion resulting from different placements of crop residues 
have been meastmed. The nature of the problem makes it impossible 
to obtain reliable results on small plots,: because on small areas soil 
is less likely to start moving than on larger ones, and also because soil 
movement originating on susceptible areas can quicldy affect less 
susceptible ones, . 

Protection against wind erosion is needed chiefly in the late winter 
and early spring. At that time the soil is frequently so mellow that 
it will move unless protected by a crop, crop residue, or emergency 
mltivation. 

Tillage to leave rCvSidues was given impetus in the portions of the 
central and northern Great Plains where fallowing was desirable 
because it increased yields, but undesirable because bare fallow or 
..planted fallow on which the crop did not make enough fall growth to 
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protect the surface was likely to blow during the -winter or spring. 
This blowing frequently took place on land without snow cover at 
times when the soil below the immediate surface was frozen and 
emergency cultivation could not be given. Experiments with plowless 
fallow, under way since 1924, have demonstrated that at most 
locations crop residues have been efficient in protecting surfaces that 
would otherwise be bare or nearly bare during the winter period. At 
Belle Fourche, S. Dak., however, the surface of the heavy clay soil 
became so mellow during a year of shallow surface cultivation that 
binder stubble did not afford adequate protection. Land fallowed for 
winter wheat in the southern Great Plains does not need winter 
protection as frequently as fallow left bare over winter, as wheat 
on fallowed land generally makes enough growth to form a resistant 
plant cover before winter sets in. Residues are more often needed on 
cropped land planted to winter wheat, as the wheat on such land 
may fail to make enough fall growth to cover the ground. 

An undisturbed small grain stubble renders a soil safe from wind 
erosion over winter. Stubbles of row crops do not prevent all soil 
blowing, but tall stubbles of such crops as sorghums and corn reduce 
the amount of blowing and make it less destructive. In some sandy 
portions of the Great Plains where grain sorghums are the principal 
crop, continued agriculture may depend on the proper use of residues. 
After land has been cultivated in the spring, all but the sandy 
soils are usually safe for the summer regardless of whether a crop 
residue is left on the surface. 

WATER STORAGE 

Measurements of infiltration rates have not been made in connec- 
tion with the stubble mulch experiments, but moisture determinations 
at the beginning and end of storage periods have been made cit some 
stations to determine the net result of leaving residues on the surface. 
At Hays, Kans., in the experiment for the period 1930-42 (Table 2 ), 
the average quantity of water saved between harvest and seeding 
over a lo-year period was highest on the chiseled plots and lowest 
on the plowed plots, but the average difference between these two 
extremes was only about ^ inch of water. In the replicated experi- 
ment, results from the different replications were contradictory, but 
the average gain in moisture during the period between harvest and 
seeding was slightly higher on the plots cultivated with the chisel 
and with the 30-inch sweeps than on the plowed and the onewayed 
plots. 

At North Platte, Nebr. , five years’ results show that water accumii- 
latioia in land being fallowed was slightly higher on disked or listed 
land than on plowed land, but the average difference was less than 

inch. This represents the difference in accumulation over periods of 
approximately 15 months, extending from July in one year to Octo- 
ber The following year. Three years’ data are available for a com- 
parison of cultivation with sub-surface sweeps with plowing, listing, 
and disking. In this test results from year to year were inconsistent, 
but the average showed the highest storage on subtilled land and the 
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io\Yest on plowed land, tlie average difference between the two being 
about l 4 inch. 

At Archer, Wyo., five years’ results showed that differences in 
water storage due to placements of residues were even smaller than 
at Hays and North Platte, In the test at Havre, Mont., extending 
over a period of 17 years, water storage for the fallow period from 
IHay to Septerabor was slightly higher on plots plowed in May than 
on tlie plot duckfooted in May. In experiments in Oregon (Table i) 
storage of moisture for the fallow year was higher on the plots with 
surface cover than on the plowed plots, but average figures on accu- 
mulation are not at hand. The difference was much greater in the 
surface foot than at lower levels, indicating that the straw on top 
reducc-^d the loss from the soil by evaporation during the rainless 
summer period. 

SOIL STRUCTURE 

Soil structure in the cultivated la^rer of soils is influenced by the 
condition of the soil when it is tilled and by the tillage implement 
used. Comparison of soil structure between land with and without 
residues on the surface is complicated by the fact that different 
tillage implements are used. Probably the only statement that can 
be safely made is that the granules of soil on the immediate surface 
are protected from the direct impact of rain by residues, and the 
surfac^e is less likely to become crusted. No permanent effect in creat- 
ing increased granulation has been noted. On the contrary, there 
has been some indication that the continued retention of crop resi- 
dtu?s in a thin surface layer increases the organic matter content of 
this layer and slightly reduces its tendency to flocculate. It seems 
ap})arerit that any differences in >soil st,ructure thus far brought about 
by dijlcrence in placements of crop residues may be completely 
cd>scured by a single major tillage operation such as listing, deep one- 
waving, or plowing. 

WEED CONTROL 

More weeds usually emerge on land cultivated with implements 
that leave the crop residues on the surface than on land where the 
tillage operation has buried more of the weed seeds. Spring grains on 
disked, duckfooted, or subsurface-tilled small grain stubble land 
planted to grain soon after the tillage operation are almost invari- 
ably weedier than on plowed land. This does not decrease the yields 
in all years, as in favorable seasons the crop may outgrow the weeds, 
and in adverse years there may still be enough weeds on the plowed 
land to offer scauwc competition to the crop. 

Implements used for subsurface tillage generally cut off all the 
weeds, and if the tillage operation is followed by several days of dry 
weather, are effective in killing them. If cultivation is followed by 
rain, smxtll weeds are likely to resume growth. In wet years land with 
residues on the surface requires more tillage operations than land 
cultivated with implements that bury more of the w^eeds, but none 
of the operations is as expensive as plowing and the cost of a season’s 
operations is usually lower. Some subsurface vsweeps are now being 
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^ built with projecting fingers back of the blade to disturb the undercut 

s layer of soil more and make the sweeps more efficient in killing weeds. 

f Duley and Russelk recommend pulling an implement that they have 

' named the “treader” behind subsurface sweeps to break up lumps, 

kill weeds, firm the soil, and anchor the residue by pressing part of it 
p into the surface soil. The rod weeder is an efficient implement for 

killing weeds and at' the same time maintaining crop residues on the 
surface. 

OTHER FACTORS 

; Surface residues might be expected to have some influence on insect 

damage and on plant diseases, but up to the present time no appi-eci- 
able injury from these sources has been observed in these experiments, 
although instances of injury within the dry-land area have been 
reported. In areas where residues on the surface do not decrease 
yields, there is a question as to how much effort can be pi'ofitably 
expended in keeping all of the residue from heavy crops on the sur- 
face. Implements such as the oneway and lister, if followed by a rod 
weeder, leave a considerable but not unmanageable quantity of crop 
residues on the surface. Undercutting blades and the various kinds 
of wide sweeps can go through a heavy stubble when the soil is firm 
unless excessive weed growth has occurred, but may experience 
difficulty in subsequent operations if the soil is loose and moist and 
the stubble tough or tangled. Under such conditions it is difficult 
to operate the implement shallow enough to kill weeds without an 
undue amount of clogging. Leaving more residue on the surface 
than is required for erosion control may be an uneconomic practice. 
Residues left on the surface may blow away and may requii’e some 
sort of a packing operation to incorporate enough of them into the soil 
for safe anchorage. Such packing may also be required to prepare a 
suitable seedbed, as the undercut layer of soil is left very loose. Im- 
plements for the continued management of residues left on the sur- 
face are not yet perfected, but constant efforts to improve them are 
being made. 

Differences in yields resulting from differences in soil and organic 
matter loses through erosion have not been apparent in these experi- 
ments, but methods that do not control erosion may be expected to 
show reductions in yield eventually. 

CONCLUSIONS 

The results of experimental work at locations throughout the 
Great Plains and at two locations in the Columbia River Basin 
^ show that, except for the one location where lack of available nitro- 

gen was a controlling factor, moisture storage and yields of crops 
were about the same under three conditions of tillage and disposition 
, of organic residues, namely, leaving all the residues on the surface, 

^Mimeographed publication entitled ''Use of Treaders with Siibsurface Til- 
lere. Issued by the Nebraska Agricultural Experiment Station in cooperation 
with the Soil Conservation Service in April, 1944. 
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leaving a portion of the residues on. the surface, and completely bury- 
ing the residites by plowing. 

Cultural practices that leave part of the crop residues on the sux'- 
face are in general use over much of the area because they are adapted 
to low-cost, extensive-type farming. Maintaining additional quanti- 
ties of residues on the sui'face for greater erosion control is desirable 
if the pmtcftion afforded compensates for certain accompanying dis- 
advantages, such as mechanical difficulties and the gi'eater effort 
iiecessLiry to control grassy weeds. Present indications are that the 
aniouiit of effort that should, be expended in keeping residues on the 
surface will be determined by the need for erosion control with 
especial regard to the long-time effects of erosion and the relative 
cost of tillage ra.ther than by the expectation of materially influencing 
current' yields. 


FIELD BINDWEED, CONVOLVULUS ARVENSIS L,, ROOT 
FRAGMENTS MAY GROW' 

L. V. Sherwoob- 

P eople interested in weed control have long cautioned against 
cultural practices which permit the transportation of root frag- 
ments, particularly of perennial weeds, from one field to another or 
from different areas of the same field. One of the specific recommenda- 
tions made to farmers for control of perennial weeds stresses the im- 
portance of root fragments. 

During the period 1936-41, experiments were conducted at Urbana, 
111., to determine if new field bindweed infestations could be initiated 
by root fragments (Fig. i). 

METHODS 

Large roots of field bindweed were taken from the soil, cut into specific sizes» 
and immediately transplanted at given depths in a previously prepared soO. 
In some cases the transplantings were watered to assm*e sufficient moisture; in 
others, normal rainfall was depended upon. For each root fragment, data were 
kept indicating whether it came from the first, second, third, or other foot layer 
of soil; the length of the fragment; the depth of planting; and the growth response 
of the fragment. An effort was made to encourage as many fragments as possible 
to grow. 

DISCUSSION OF RESULTS 

Variable results were obtained during the years 1936-39 (Table i). 
However, there was growth from some of the root fragments each 
year. The relationship between root diameter and growth was 
marked. The larger the diameter of the fragment, the moi*e likely 
it was to grow, A similar relationship existed between length and 
growth. Fragments 3 inches or more in length usually grew well, 
while short fragments were weak or failed to grow. 

Fragments obtained from soil below the plow depth were much 
more likely to grow than those taken from shallower depths. Even 
when samples were taken from areas where field bindweed had grown 
unmolested and the upper plant sections were of typical root struc- 
ture rather than renewed “stem” growth, the root fragments from 
second- and third-foot soil layers grew better than those from the 
first foot of soil. However, the differences were not nearly as marked 
as on fragments taken from areas previously molested by tillage. 
All fragments which were taken close to the surface in a fallowed area 
failed to grow. 

Root fragment plantings were made in 1940 (Table 2) in such a 
manner as to help answer some of the questions raised but not en- 
tirely answered by previous tests (Table i). Tests in 1940 indicated 
that watering had an unfavorable effect upon the growth of root 
fragments. The rainfall for 1940 was extremely low during the grow- 
ing season, and the adverse effects of watering were unexpected. 

^Contribution from the Department of A^onomy, Illinois Agricultural Ex- 
periment Station,^ Urbana, 111. Published with the approval of the Director. 
Received for publication January 9, 1945. 

^Assistant Professor of Crop Production, on leave of absence for war service. 
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Root reserves may have had considerable effect upon the growth of 
root fragments as indicated by the poor growth of those taken from 
roots which were starved. Starving was accomplished by preventing 
all top growth during the growing season previous to obtaining root 
fragments. Small fragments also made poor growth as compared to 
large pieces, the latter apparently having a greater food reserve. 
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the samples for previous years were taken from unmolested areas 
where typical root growth develops in all soil layers. It can be con- 
cluded from these experiments that samples obtained from the first 
foot of soil from unmolested areas are more likely to grow than are 
those from areas previously cultivated. 

A further test made in 1941 (Table 3) indicated that the amount 
of moisture in the soil where the transplantings were made may have 
determined whether any root fragments would grow. In a second 
planting of fragments made in soil with a low moisture content and 
with little rainfall during the period immediately following trans- 
planting, the fragments failed to grow. 

Fragments obtained from a corn field during the early part of 
the summer produced little or no growth; whereas, those taken from 
the same area on August 15 grew rapidly. The latter were collected 
after sufficient time had elapsed since cultivation to permit some 
food storage ; whereas, those gathered earlier were presumably low in 
food reserves. 

CONCLUSIONS 

1. Even though transplanted field bindweed root fragments do 
not always grow; enough do grow so that they are a factor in the 
spread of the weed and must be taken into account in any control 
program. 

2. Root fragments are much less likely to grow if (a) tillage 
operations are pei'formed when the soil is dry enough to pulverize 
easily and break loose from the fragments; (b) the soil is pulverized 
so as to leave the root fragments free from large soil particles; or 
(c) rainfall is light immediately after cultivations. 

3. Root fragments from field bindweed which has been recently 
disturbed by plowing or other deep cultivations are less likely to 
grow than those from undisturbed areas. 

4. Shallow cultivations are less likely to spread field bindweed by ' 
mot fragments, since fragments less than 3 inches long grow poorly 
if at all. Furthermore, fragments from close to the surface are less 
likely to grow than those from deeper depths. 

5. Surface type cultivators may be superior to other types in pre- 
venting the spi'ead of field bindweed by root fragments. 
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REGISTRATION OF IMPROVED WHEAT VARIETIES, XVIP 

J. Allen Clark" 

S IXTEEN previous reports present the registration of 70 im~ 
proved varieties of wheat. In 1943 four varieties were registered/'* 
Four varieties have also been approved for registration in 1944. 
These are: 


Class and Varietal Name 
Soft Red Winter 

Sanford , 

Hard Red Winter 
Wichita ........... 

Hard Red Spring 

Mida , 

White 

Orfed 


Reg, No. 
33 

337 

338 

339 


SANFORD (REG, No. 336) 

Sanford (C. 1 . 12026*^) wtis developed by the Agronomy Department 
of the Georgia Agricultural Experiment Station and the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Research xAdministration, 
U, S. Dept, of Agriculture, from a P1068 X Purplestraw** backcross. 
P1068 is a strain very closely related to Kanred. Both were developed 
at the Kansas Agxicultural Experiment Station. The original and 
backcrosses were made at Experiment, Ga., by R. P, Bledsoe. The 
second backcross was made in 1928 and last selected in 1934. In the 
fall of X939 two selections, H“*264-i~2~3-3-3 and H-264-1-2-3-3-5, 
were bulked and the seed increased under the name Sanford. Seed 
was first distributed for commercial growing in 1940. Sanford is 
similar to Purplestraw, except that it has longer apical awnlets, 
plumper grain, matures a few days later, is moderately resistant to 
leaf rust, and has higher yields. The purpose of the work w^ to trans- 
fer the leaf-rust resistance of P1068 or Kanred to Purplestraw. 
It was estimated that 45% of the wheat grown in Georgia in 1943-44 
was Sanford and some is grown in Alabama and South Carolina. 

Sanford has been tested in advanced nursery tests of from 6 to 10 
replications during the lo-y ear period, 1933-44. These yields can be 
compared with Gasta, a selection of Purplestraw wheat also developed 
at the Georgia station. The yields, which furnish the basis for regis- 


* Registered under a cooperative agreement between tbe Bureau of Plant 
Industry, Soils, and Agiicultui'al Engineering, Agricixltural Research Adminis- 
tration, U. S. Dept, of Agnculture, and the American Society of Agronomy. 
Received for pubHc£ition February 5, 1945. 

^Senior Aginnomist, Division of Cereal Crops and Diseases, U, S. Dept, of 
Agriculture. Member of the 1944 committee on Varietal Standardization and 
Registration of the Society charged with the registration of wheat vaiieties, 
^Clark, J. Allen. Registration of improved wheat varieties, XVI . Jour. 
Amer. Soc. Agron., 36:447-452. 1944. 

*C. 1 . refers to accession number of the Division of Cereal Crops and Diseases. 
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tration, are shown in Table 1 . For further information on Sanford 
wheat see the sad Annual Report of the Georgia Agricultural Experi- 
ment Station. 


Table i. — Annual and average yields in bushels per acre of Sanford and Gasta 
wheats grown at Experiment, Ga,, for the 10 years, 


Year 

Sanford 

Gasta 

Gain or loss 

Percentage 
of Gasta 

1935* 

25.0 

15-8 

9,2 

158.2 

1936 

28.4 

24.3 

4.1 

116.9 

1937 

29.8 

14. 1 

I5‘7 

211.3 

1938 

12.2 

9.0 

3.2 

133-6 

1939 

41,0 

32.1 

8.9 

127.7 

1940 

314 

26.6 

4*8 

jiS.o 

1941 

24.6 

26.0 

-1.4 

94-6 

1942 

37-3 

30*5 

6.8 

122.3 

1943 

24.2 

19-3 

4.9 

125.4 

1944 

1 27.1 

24.1 

3.0 

1 12.4 

Average 10 years. . . . 

28,1 

22.2 

5-9 

126.6 


WICHITA (REG. No. 337) 

Wichita (Ks. 2739, C. 1 . 11952) was developed by the Agronomy 
Department of the Kansas Agricultural Experiment Station and the 
Division of Cereal Crops and Diseases of the U. S. Dept, of Agri- 
culture, from an Early Blackhull X Tenmarq cross. The cross was 
made at Manhattan, Kans., in 1929 and was last selected in 1935. 
The Texas, Oklahoma, Nebraska, and Colorado Agricultural Experi- 
ment Stations cooperated in testing this variety in comparison with 
others in the hard red winter wheat region. vSeed was increased in 
Kansas, OMahoma, and Texas, and first distributed for commercial 
growing in the fall of 1944. 

The superior characteristics of Wichita are early maturity, high 
yield and test weight, and more satisfactory gluten quality than the 
Early Blackhull variety which it should replace. In reaction to leaf 
and stem, rust Wichita is similar to Early Blackhull, being generally 
susceptible, although early maturity often enables these varieties to 
escape part of the damage. Wichita matures about 6 days earlier 
than Tenmarq and Blackhull but is i day later than Early Blackhull. 
Lodging at maturity has been slightly less than Early Blackhull but 
greater than Tenmarq. Tests indicate that Wichita is more winter 
hardy than Early Blackhull and nearly as hardy as Tenmarq. The 
heads are large, bearded, and have long beaks. The chaff usually has 
black stripes. The grain is not so hard as some of the hard red winter 
varieties but probably will be graded as hard red winter. 

Yields and test weights are available from nursery and plot experi- 
ments at Manhattan for 6- and 7~year periods and from ii other 
stations in the state for from i to 3 years. In cooperative experiments 
withfarmers, it has been included in 59 tests, including the 1943 crop. 

It has also been included in experiments at the Lawton, Okla., 
and Chillicothe and Denton, Tex., stations for 3 or 4 years. Data 
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from all these tests were submitted L. P. Reit2J, who applied for 
registration. Some of the yields are recorded in Table 2. 


Table yields in Imskels per ticre of Wichiia and four standard varieties 

of wheat. 


Stations 

Years 

Wichita 

i 

Ten- 

marq 

Early 

Black- 

hull 

Black- 

hull 

Turke 5 ^ 

Manliattan plots. . . . 

1938-43 

26.5 

24.6 

20,5 

21.0 

19.1 

Manhattan nursery 

J 937“-43 

33-9 

29.0 

29.8 

25.2 

24-5 

Ha vs 

1941-43 

237 

23.6 

23-9 

19. 1 

16.9 

Colby 

i 94 F -43 

46.8 

44-5 

39.9 

40.6 

39-2 

Tribune. 

1941-43 

32.9 

33-1 

28.2 

— 

25.6 

Garden City; 

1941-43 

24.1 

24-3 1 

21.0 ; 

21. 1 

16.9 

Meade i 

i 94 t -43 

19.0 

16,3 

12.5 i 

II.O 

10.3 

Dodi^e City. 

1941-43 

27-5 

24-3 

21.9 

20.6 

20.0 

Kingman 

1942-43 

14.5 

134 

12.9 

137 

14.6 

Hutchinson 

1941-43 

24.9 

21. 1 

18.9 

16.5 

I 7 -I 

Wichita 

1941-43 

28.6 

25.2 

24.2 

19.3 

21.6 

Beilevilie. 

1943 

13.6 ; 

14.2 

14.4 

21,6 

18,0 

Smith Center 

1943 

24.2 

22. 1 

23.7 

— » 

23.0 

Average, 41 station 







years. 


27.9 

25.6 

23.6 

(37) 

21.0 

Percentage of Early- 
Blackhull 


II8.2 

108,5 

100.0 

92.6 

90.0 


MIDA (REG, No. 338) 

Mida (Ns. 2829, C. I. 12008) was developed by the Agronomy 
Department of the North Dakota Agricultural Experiment Station 
cooperating with the Division of Cereal Crops and Diseases of the 
U, S, Dept, of Agriculture from a Ceres-Double Cross (R. L. 625) X 
Mereuxy cross. The cross v^as made at Fargo, N. Dak., in December 
1933. Two generations a year were grown by the further use of the 
greenhouse and the strain resulting in Mida (F5) was last selected in 
1936. The superior characters of Mida are high yield and resistance 
to stem and leaf rust and to bunt. It is tall with often blackish awns, 
strong straw, and large kernels with heavy test weight. The quality 
of Mida is of medimii strength and declared satisfactory for all- 
purpose bakers flour. The wheat was increased first at Fargo and 
later under contract with seed growers in the state and in 1944 over 
15,000 bushels were distributed to some 800 North Dakota farmers. 

Mida was included in the Uniform Regional Nursery for the 3 years 
1939-41 and in plot experiments at five North Dakota experiment 
vStations for the 4 years 1940-43. It was also included in field plot 
experiments in neighboring states and was made a uniform variety 
for the region in 1944, Average yields for some of these experiments 
are shown in Tables 3 and 4. 

ORFED (REG. No. 339) 

Orfed (Wn. 3300, C. I. 11913) was developed by the Agronomy 
Department of the Washington State Agricultural Experiment 
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Table 3. — Average yields m bushels per acre of Mida and three other varielies of 
wheat grown in the Uniform Regiofial Nursery hi four states during the 3 years 

^941-43^'' 


Variety 

North 

Dakota 

(ii)t 

Minne- 

sota 

(10) 

South 

Dakota 

(3) 

1 

Montana 

(9) 

Average 

(33)' 

Percent- 
age of 
Thatch- 
er 

Mida 

32.9 

32.1 

25-9 

30.4 

31 4 


Tiiatcher 

29.9 

23.2 

23.6 

3I-J 

27,6 

100.0 

Regent 

28.6 

24.2 

24-3 

26.5 

26.3 

95-3 

Marquis 

19*9 

16.7 

15-3 

28.4 

20.8 

754 


-tpor further information see Waldron, L. R., et aL, Mida wheat. N. Dale. Agr. Expt. Sta. Circ. 

68 . 1944. , . . , 

fFigures in parenthesis indicate station years. 


Table 4. — Average yields in bushels per acre of Mida and Jour other varieties of 
wheat grown in plot experiments at five North Dakota experiment stations during 
the 4 years ig4o~4s. 


Variety 

1940 

(5)* 

1' 

1942 

(5) 

1943 

( 5 ) 

Average 

(20)’ 

^ Percent- 
^ age of 
Thatcher 

Mida 

14.0 

26.7' 

38-5 

28.6 

26.9 

112.6 

Pilot 

12.7 

26.4 

37-7 

28.4 

26.3 

j IIO.O- ■■ 

Rival 

12,5 

26.8 

36.4 

26.7 

25.6 

1 107. 1 

Thatcher. ......... 

13-9 

22.5 

31-9 

27.3 

23.9 

100.0 

Renown. .......... 

11.9 

23-3 

31-3 

26.1 

23.2 

1 97-1 


’^‘Figures in parenthesis indicate station years. 


Station and the Division of Cereal Crops and Diseases of the U. S. 
Dept, of Agriculture from an Oro X Federation cross. The cross was 
made by V. H. Florell at the University of Idaho in 1931. Aii F2 popu- 
lation was given O. A. Vogel who selected the present line in 1937. 
It was entered in the uniform yield and bunt nurseries of the western 
region in 1940. It is an awned wheat with white chaff and white 
kernels. It is intermediate for winter and spring habit and can be 
successfully grown in southeastern Washington and adjacent Idaho 
and Oregon from both fall and spring seedings. Its superior character- 


Table 5. — Yield in bushels per acre and test weight in pounds per bushel for Orfed 
and Hymar wheats grown in plots or nursery experiments at Pullman ^ Pomeroy, 
and Walla Walla, Wash., xg4o~44. 


Vaiiety 

i 

1940 

1 

i 

1941 " 

^ , i 

1942 

1943 1 

1944 

Aver- - 
age 

, Percent 
age of- 
Hymar 

Orfed. . . . . .1 

1 50-3. 1 

58.1 

YMi 

1 59.3 1 

i 

62.0 

1 53-2 1 

1 56.6 

1 115.5 

Hymar. . . . .1 

1 46.3 1 

I- 41.2 1 

1 , 51.9 1 

! 5S.6 

1 47 -r 1 

1 49-0 

1 lOO.O 

Orfed 

1 62.7 

1 62.2 

Test Weight 
[ 6r.2 1 63.9 i 

1 63.0 1 

62.6 

! 103.0 

Hymar 

1 60.0 

1 61.4 

1 60.3 i 

1 61.6 ; 

1 60.5 

1 . 60.8, ' 1 

1 100.0 
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istics are good yields, high test weight, and resistance to shattering, 
lodging, and bunt. It also has good milling and baking properties. 
It has performed siifficienitly well in vaiietal tests at Pullman, Pome- 
roy, and Walla Walla, Wash., to warrant its recommendation for the 
areas of Washington that commonly grow fall-sown, soft white, and 
club varieties^* It also can be grown as a spring-sown variety to a 
limited extent, particularly in early seeding, to patch up fall-sown 
fields of Orfed which have been partly winterkilled. Its superiority 
ill yield and test weight over Hymar, a commonly grown variety in 
eastern Washington, is shown in Table 5. 

Seed of Orfedtwas first distributed for commercial growing in the 
fall of 1943. 

^Schafer, E. G., Vogel, O. A., and Savensox, S. P. Winter wheat for the 1944 
crop. Wash. Agr. Exp. Sta. Pop. Bill. 173. 1943. 

\m,3GEL, O. A., and Barbee, O. E. Comparative performance of wheat varieties 
in, eastern Wasiiingtoii. Wash. Agr. Exp. Sta. Gen. Bill. 450. 1944. 

^'VoGEL, O. A., Savenson, S P,, and Holton, C. S. Orfed wheat. Wash. Agr. 
Exp. Sta. Gen. Bui. 451, 1944. 





HOTES 

CYANOGAS INJURY TO TOMATO PLANTS INFLUENCEB BY POTASH 

FERTILIZATION 

O N MANY occasions cyanogas (calcium cyanide) has been used 
in the greenhouses in the control of certain insect pests. With 
a variety of plants of different sizes and ages and degrees of hard- 
ness, it has always been a problem to know just how much cyanogas 
to use without producing injury to some plants and yet control the 
pest. 

During January 1945, one of the greenhouses was fumigated with 
5 grams of cyanogas per 1,000 cubic feet of space on each of two con- 
secutive nights. In the greenhouse was a series of potash studies 
in which a number of tomato plants (Rutgers) varied from those 
severely deficient in potash to those abundantly supplied. Each plant 
that was medium to severely deficient in potash was severely burned, 
but plants in a healthy state showed no signs of injury. 


Fig. I. — Plant on left is deficient in potash and severely injured with cyanogas; 
the one on the right is normal and uninjured. 

The illustration in Fig. i shows the type of injury. This has hap- 
pened on two separate occasions during the winter. The type of 
injury has also been strikingly characteristic. — ^Jaceison B. Hester, 
Agricultural Research Department, Campbell Soup Co., Riverton, N. J 

AGROFYRON JAPONICUM, AN UNTENABLE NAME 

I N 1886, seed of a grass from New Zealand was introduced into 
1 California by the Agricultural Experiment Station of the Uni- 
versity of California at Berkeley. The grass made a good record and 
was distributed for cultivation in 1889 to increase winter grazing. 
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was also Si'iii to LI. S. Govenmient Experiment Stations in the 
to'iinheni states where again its record was good and mention of the 
grass 1)ega.n to appear in the literature. This would not be any cause 
for coninieiit now if the grass had been properly listed under its then 
rwi igiiirxd name Brachypadimn japofdcmt Miq. Through some 
i.'rrorJn kdiels the ximne Agropyroii japomeum had become attached 
to this “Japanese rycT or “Japanese wlieat-grass”. Its first published 
mention is liy Tracy (4)^ in 1891 and although Hitchcock (i) lists 
this as “name oiily’^ the following description did appear: “In its 
gcmnnl habit this is iiiucli like iesme-grass^ (Bromtis schraderi)^ 
but does not gr^ny as large and the heads are somewhat bearded. 
It will grow^ later in the season, however, and is a perennial.” Three 
yem/B later Tracy (5) again discusses the grass and its forage possi-* 
biiities, once more mentioning its perennial habit and resemblance 
to rescue grass. 

Final use of the name was by Wickson (7) when he gave the history 
of its introduction and the information that “the first California- 
gro\V!i specimen was sent to the late Dr. Vasey, who named it as a 
new species.” This specimen seems to have been lost for it is not in 
the U. S, National Herbarium according to Hitchcock (i). There 
was |:n’eser\'ed, however, in the Agrononi}’' Division Grass Ilerbarium, 
Division of Agronomy, University of California, Davis, a sheet of 
latc'i; planting wliich is good Br achy podittm japometim (Miq., 
1H07). This name, in corifonnittr with the International Rules of 
BolatUi'al Nomenclature, must give way to misenmi 

(Thunb.) Koid. based on Fesfuca niiscra Thunb. (1784). 

the East Asian introduction was actually a. Brachypodiuni 
%vus recognized by Tracy himself (6) and soon after by Lamsom 
St'ribner (3). However, tl,ie devseriptions, thoiigh brief, and particu- 
larly thi' plate by Wickson, are ample to take the name Agra pyr on 
japonic urn Tracy out of the class of either nomina nttda or 7tomina 
iltibia and place it as a legitimate synonym under Brachypodium 
fnisermn. . 

Hie mailer could end lieire were it not that there has been published 
suhsequenily an Agropyron japonienm tionda which, together with 
a variety hackeliana Honda, are treated by Honda (2) in his thorough 
survey of Japanese grasses. In light of the earlier homon^mi, i.e., 
A. japonienm Tracy, the nomenclature of A. japonictim Honda must 
he revised as follow^s: 

Agropyroii hackelianum (Honda) comb. nov. 

.'i . a ngusHfolimn tlackel ex N akai, Report Veg._ IsL Quelp , 21,1: 14 ; 
Mori, Enum. PL Cor. 35. 1922; not A, amgustifolmnt 
ja[miicum Honda var. hackeUan um Aloxida, Tokyo Bot. Mag. 41 • 3 ^ 5 ' 
1927 ; JoiiF Fac^'Sei.. Sec.TII. Bot. 28. 1930. . 

Agropyroii hackelianum var. japouicum (Honda) comb. nov. 

A, japonictim Honda, Tok3m Bot. Mag. 41: 384. 1927; Jour. Fac. 

: Sd, Sec. TIL -Bot. 28. 1930. ; 

The species belongs in Section Braconnotia Godron and has leaves 

^Figures in parenthesis refer to “Literature Cited", p. 321. 
an error for rescue-grass. 
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4-6 mm wide, the awn of the iemma 3-10 mm long as distinguished 
from the varied which has leaves 10-12 mm wide and the awn of the 
lemma 1 5“ 1 8 mm long. 

LITERATURE CITED 

1. Hitchcock, A. S. Manual of Grasses of United States. 1935. (Page 774.) 

2. Honda, M. Monograpliia Poacearum Japonicaxum, Bambusoideis Exclusis. 

Jour. Fac. Sci. Imp. Univ, Tokyo, Sect. Ill, Bot. 28. 1930. 
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(rev.): 22. 1900. 

4. Tracy, S. M. Coopei*ative Branch Stations in the South. U. S. D. A. Div. of 

Botany Ann. Rpt. 6. 1891. 

. Forage plants for the South, U. S. D. A. Farmers’ BuL 18:13-14. 

1894. 

5^ A report upon the forage plants and forage resources of the Gulf 

States. U. S. D. A. Div. Agrostology Bui. 15:29. 1S9S. 

7. WicKsoN, E. J. Reports on grasses and forage plants. Univ. Calif. Agr, Exp. 
Sta. Rpt,, 1895-97; 275. pi. 14. f. I. 1898." 

— Alan A. Beetle, Division of Agronomy, University of CaUfornia, 
Davis, Calif. 

AGRONOMIC AFFAIRS ' 

THE 1945 MEETINGS 

ARRANGEMENTS have been made with the Netherland Plaza 
i\. Hotel in Cincinnati, Ohio, to hold the annual meetings of the 
American Society of Agronomy and Soil Science Society of America 
November 20 to 22, 1945. The National Joint Committees on Fer- 
tilizer Application and Nitrogen Utilization will meet on Monday, 
November 19. 

These plans can only be tentative, since at present all meetings 
are subject to approval by the Office of Defense Transportation. 
Flowever, we sincerely hope that war and transportation conditions 
are sufficiently favorable by November so that agronomists can again 
meet and gain added inspiration for continuing, the important job 
of pi’oviding adequate food for our own people and others who may 
be dependant upon us. 

In the meantime, let us continue our good work as individual 
agronomists and as members of the American Society of Agronomy 
and the Soil Science Society of America to the end that we may have 
an early victory and a lasting peace.— G. G. Pohlman, Secretary: 

NEWS ITEMS 

Professor F. V. Burcalow of the University of Wisconsin is 
now serving in Italy as agronomist with the Foreigta Economic 
Administration, with headquarters in Rome. 

__A__ 

The Annual Meeting of the Canadian Seed Growers’ Association 
will be held this year at the Ontario Agricultural College, Guelph, 
June 19 to 21. The officers of the Association are A. M. Stewart, 
Ailsa Craig, Ont., President; H. P. Wright, Airdrie, Alta., Vice 
President; and W. T. G. Wiener, Ottawa, Ont., Secretary-Treasurer. 
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According to Commercial Fcriili Dr. Ralph W. Cummings, 
liead of the Department of r^groiiomy of North Carglina State Coh 
lege, has been appointed Director of the North Carolina Experiment 
Station, 1)ut will continue as head of the Department of Agronomy. 

— A— 

The July, 1944, number of Agricultural History canies a concise 
presentation of the development of range research in the western 
United States, entitled “'The History of Western Range Research”, 
which should be of interest to many agronomists. The article was 
prepared under the supervision of W. R. Chapline, Chief, Division 
of Range Research, Forest Seivice, U. S. Dept, of Agriculture. 

The New York Times carried a recent Stockholm dispatch describ- 
ingMvhat was termed the world’s first loaf of “tetraploid” rye bread 
which was tasted at a recent meeting of the Swedish Academy of 
Agriculture. The development of a teti'aploid rye with 64 chromo- 
somes and a grain 50% larger than that from diploid rye is credited 
to Professor Arne Mintzing in experiments at the Svaldv Station, 

According to Science, the American Cyanamid Company has 
made a grant-in-aid for three years to the Arizona Agricultural 
Experinient Station for investigations into the use of new nitrogen- 
containing conipoiinds as agricultural fei'tilizers, A search will be 
made for compounds that will supply the nitrogen, develop it slowly 
in the soil, and that will contain nitrogenous material of such solu- 
bility that it will not leach rapidly to areas below the root zone. 

Doctor Lewis R. Jones, Professor Emeritus of Plant Pathology 
at the University of Wisconsin, died in Orlando, Pla., on March 31st 
at 81. years of .age. 

Doctor Franklin S. Harris, President of Brigham Young Uni- 
versity at Provo, Utah, for the past 24 years, will become President 
of the" Utah State Agricultural College at Logan on July i. Doctor 
Harris will succeed Doctor E. G. Peterson who retims after 28 years 
of service. Previorrs to his appointment to Brigham Young Uni- 
versity, Doctor Harris served the Utah State Agricultural College 
successively as Professor of Agronomy, Director of the School of 
Engineering and Mechanical Arts, and Director of the Agricultural 
Experiment Station. ^ 

Doctor W. L. Burlison, University of Illinois, completed 25 years 
as Head of the Department of Agronomy, Illinois College of A^- 
culture, on March 31, 1945. His associates recognized the occasion 
by presenting him with an inscribed gold wrist watch and a parch- 
ment commemorating the anniversary. Doctor Purlison has long 
been prominent in the affairs of the Society, having been Vice Presi- 
dent from 1924 to 1926 and President in 1927. 
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RESPONSES OF COTTON TO SULFUR FERTILIZATION ^ 
Henry C. Harris, Roger W. Bledsoe, and P, W. Calhoun^ 

I T IS well known that sulfur is necessary for the growth of plants. 

but, as Alway^^ states, it is a slighted element in agricultural re- 
search. The purpose of this paper is to present some preliminary 
results dealing with the effect of sulfur fertilization on the growth of 
cotton in two widely separated localities of Florida. Even though the 
results are preliminary, it seems desirable to present them, especially 
since it is usually assumed that sufficient sulfur is supplied as sulfates 
in fertilizers or through precipitation to prevent that element from 
being a limiting factor in crop production. 

EXPERIMENT I 

This paper deals with three experiments conducted in 1944, two 
at Gainesville and one at Madison, Fla. The first experiment was 
conducted on the Experiment Station Farm at Gainesville. The soil 
type is Arredonda loamy foie sand, and it is in a productive condi- 
tion. Libtol fertilizer treatments have been applied in the past. 

This experiment was exploratory and was designed to give some 
indication as to whether sulfur, magnesium, or placement of fertilizer 
would have any effect, on the growth of the cotton. 

A 4”8“'4 fertilizer was used at the equivalent rate of 500 pounds 
per acre. It was formulated from 60% muriate of potash, uramon, 
ammonium nitrate, and 48% triple superphosphate, and presumably 
contained very little sulfates. One third of the tiitrogen came from 
uramon. In the cases where the sulfur was added this was done by 
substituting 48% potassium sulfate for the muriate of potash in the 
above mixture. This sulfate mixture supplied a calculated 7.4 pounds 
of sulfur, or 18.5 pounds of SO. 3 per acre. 

^Gontribution from the Department of Agronomy , Agricultural Experiment 
Station, University of Florida, Gainesville, Fla. Published with the approval of 
the Director. Funds for the Madison experiment were largely furnished by the 
Sea Island Cotton Bureau of the Florida State Department of. Agriculture. 
Received for publication December 22 , 1944. 

^Associate Agronomist and Associate Agronomist, Florida Agricultural Ex- 
periment Station, and Entomologist, Sea Island Cotton Bureau, Florida State 
Department of Agriculture, respectively. 

‘^Alway, Frederick J. A nutrient element slighted in agricultural research. 
Jour, Amer. Soc. Agron., 32:913-921. 1940. 


•I 


M 







' _, 




IPi^SiiSI 

Piiillii«is 






, -■'•mekican society op agronomy 

■nixed ^S^^Tht' "’Sie"\dd 

dTioride.’ ;pr"" 

J 'K‘ iertihzer treatments were as 
till i ( itton, no snlkn- or magnesium'- 

plots ' '■'^‘P^'cated 

'J'he f^'V- ^ ’ ""Obtained thr 

J ix fertilizers were ai " ' 

mediately listed. Two days late 
‘ planted. All plots r- ■ - • 

jx'i aere of ammonium nitrate 
Within 2 week.s after the eottc 

■ill n h color .similar to that of 
irast '’’ ‘ 


Were 

. coppej. 

^nd zinc chloride, 
as IS pounds per 

t follows; (i) Placed directly under 

in the mixture; (4) slSs?Ct’ 

' ; and (5) same as 4 

■— d 400 pounds plowed under 

in three randomized blocks Tn 
;ee rows of cotton. “'ocivs. The 

;PP led April 10 1944, and the soil was im- 
Upland cotton, varietv -n 

weresidedressedoriMa; ^tonevd e 


I. Upland cotton in experiment i, May 24, 1044 
Wt. with sulfur; rigAl, without stift 



HARRIS, ET AL. : RESPONSES OF COTTON TO SULFUR 325 

On 27, 1944, some representative plants were pulled for weight 
determinations, with the results shown below: 



Number 

Green 

Average green 


of 

weight, 

weight per 


plants 

grams 

plant, grams 

No sulfur 

24 

56 

2.3 

Sulfur added. . 

14 

341 

24.4 


The visual differences were very striking in the young plants but 
almost disappeared as the plants approached maturity, except that 
the plants without sulfur were smaller. 

The cotton was picked September 5 and October 4, 1944, The 
results, given in Table i, indicate that magnesium was not a factor 
in this experiment since there was not a significant difference between 
treatments 3 and 4. Treatments 2 and 3 are identical except 3 con- 
tains sulfur. That sulfur treatment gave a highly significant increase 
in yield of 43% over the no-sulfur treatment. Treatments 4 and 5, 
which contained sulfur, gave highly significant increases in yields 
over treatment 2. The fertilizer in treatment i was placed directly 
under the cotton. This placement was used in only one case, but it 
was significantly better than no-sulfur treatment 2, which was placed 
in bands. Just why that is true is not known, but it may be possible 
that the small amounts of sulfur carried as an impurity in the no-sulfur 
fertilizer might be nore effective when in close contact with the plant. 
Or, since it was dry in the early part of the growing season, the 
materials placed where the moisture was more abundant may have 
been more effective. Even so,, treatments 3 and 5, which contained 
sulfur, are significantly better than treatment i. In view of these 
facts it is evident that sulfur in the fertilizer had a pronounced effec:t 
on the yields of the upland cotton. 


Table i, — Mean yields in pounds of upland seed cotton per plot for 4-8-4 fertilizer 
mixtures with and without sulfur and magnesium y applied as indicated. 


Treatment 
;No. ■ 

Treatment 

Placement 

I Mean, pounds 

I per plot 

■ I .■ 

No sulfur 

Under 

■ : 13.8 ^ 

2 

No sulfur 

Bands 

11.4 

■■3 ■ i 

Sulfur 

Bands 

16.3 

. ■ 4 ■ 

Sulfur and magnesium 

Bands 

{5.2 


Sulfur and magnesium 

I Bands and plowed under 

15-9 


The least significant difference at 5% level == 2.03^ 
The least significant difference at 1% level = 2.85 


EXPERIMENT 2 

A second experiment, almost identical to experiment i , was set up at 
the same time on the Experiment Station Farm at Gainesville on Nor- 
folk fine sand. In this case Seabrook 1 2 B 2 sea island cotton was planted . 

The early growth responses in size and color to the sulfur treatment 
were similar to those secured on the upland cotton. Fig. 2 shows this 
difference. 

On May 26, 1944 representative plants from the sulfur and no- 
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FiiC 2. --Sea Island cotton in experiment 2, May 20, 1944, 43 days after planting 
Left, with sulfur; right, without sulfur. 


sulfur treatuients were secured for weight determinations with the 
results tabulated below: 

Number Green Average green 

of weight, weight per 

plants grams plant, grams 


No sulfur 13 97.0 7.5 

Sulfur ........ to 404.5 40.5 


The appearance of the sea island cotton and the above results 
suggest that the sulfur was quite important in this case also. The 
cotton was picked (Jt’tober 6 and October 26, 1944; however, that year 
all of tht' sea island cotton \vas poor. The season was unfavorable and 
I vill wee^*i1s did much damage so that yields were low and erratic and 
for tins n:ason, the difterences in yields were not significant and the 
results will not be, given. ■■■ 

EXPERIMENT 3 

The third experiment was conducted near Madison, Fla., about 100 
miles northwest of Gainesville. The soil is a Norfolk loamy fine sand. 
It liad been in cultivation for many years and was in a run down 
condition. The soil was known to respond to potash fertilization. 

Ill this experiment it was desired to secure information on rates of 
potash for the growth of cotton as well as the effect of sulfur and 
magnesium above the amount carried in the fertilizer. Materials 
were not available to mix a fertilizer relatively free of sulfates, so it 
was derided to try to arrive at the difference between sulfur and 
magnesium by an indirect means. It was thought that a rough dif- 
tin lion between them could be secured by subtracting increases 
in yields due to sulfur from those of magnesium sulfate containing 
an equivalent amount of sulfur. A commercial 3-8-8 fertilizer was 
a])pHec] at the rate of 375 pounds per acre as a basic treatment on all 
plots. manufacturer reported that it was made from muriate, 
manure, salts, superphosphate, and mostly inorganic nitrogen. A 
sample of the same brand of fertilizer was analyzed and contained 
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14.5% water-sokible SO3. The magnesium and sulfur treatments 
were as follows: (i) Commercial fertilizer only; (2) commercial 
fertilizer plus magnesium sulfate (MgS04 7^20)^ at the rate of 100 
pounds per acre mixed with the commercial fertilizer; and (3) com- 
mercial fertilizer to which 15 pounds per acre of dusting sulfur was 
added. It was intended that the dusting sulfur be used at a rate 
equivalent to the sulfur content of the magnesium sulfate, but by 
oversight no allowance was made for the 7 to 10% inert material 
carried by the dusting sulfur, thus the sulfur rate was a little lower 
in the dusting sulfur groups than in the magnesium sulfate groups. 

The above sulfur-magnesium treatments were used in connection 
with applications of potash (K2O) of 30, 45, 67, 100, 150, and 225 
pounds per acre. 

The fertilizers were applied in the row about i week before planting. 
Potash rates above 30 pounds per acre were applied as muriate as a 
side-dressing at the early square stage. Sodium nitrate was applied 
at the rate of 80 pounds per acre at chopping time to all plots. 

There were six replications of each of the six potash rates, making 
a total of 36 blocks containing the randomized sulfur-magnesium 
comparisons. The plots, 7X100 feet, contained two rows. 

Stoneville 2B upland cotton was planted April 7, and was picked 
August 28 and September 13, 1944. 

Table 2 indicates that potash had a pronounced effect on the yield 
of the cotton; however, this paper is not concerned with potash 
responses, since different rates of potash did not give a differential 
response to sulfur or magnesium sulfate (Fig. 3). 

As there was no differential response to potash, the treatments 
were paired throughout the experiment and Student’s method of 
statistical analysis was used. The analysis shows (Table 2) that sulfur, 

Table 2,— The influence on the mean yield of seed cotton in founds per plot of 
upland cotton of adding pounds of sulfur or 100 pounds of/magnesuim- sulfate 
to a commercial ^— 8—8 fertilizer applied at 375 pounds per acre at different 
rates of potash. 


Potash rate in 
pounds per acre* 


30 - 

45 - 

67 

lOQ. ... ..... . . 

150................... 

225 

Grand mean of 36 values 
Mean difference. ....... 


Commercial 
3™8™8 only 


4-53 

6.02 

8.41 

11.27 

13.20 

1343 


Sulfur 

added 


6.06 

7*36 

9.92 

12.09 

14.00 

15.55 


10.83 


J.35 


Magnesium 
sulfate added! 


6.41 

7.96 

10.44 

12.78 

14.47 

15.10 


II. 19 


Magnesium 
sulfate over 
sulfur 


Standard error of mean 
difference 


t valuesf. 


0.32 


.4.22 


0.31 


5.52 


^Potash rates above 30 pounds were applied as sidedressing. 

tt values to be significant at tha $% and i% level are 2.03 and 2.72, respectiveljr. 
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Fi«i. 3, - I’he dfct uf potash on the response of Stoneville 2B cotton to sulfur 
and magnesium sulfate. 

as well as niagnesiutii sulfate, gave highly significant increases in 
yields of the cotton. Magnesium sulfate gave slightly larger yields 
than sulfur, but the difference was not significant. 

It is well known that when sulfur is applied to the soil there may be 
indirect effects other than vsulfur nutrition. However, the fact that 
when almost equivalent amoiints of sulfur were applied as dusting 
sulfur and as tnagnesium sulfate the yield effects were practically the 
same, suggests that magnesium was not a factor, and that the in- 
crease in yields on this soil was probably due to sulfur nutrition. This 
seems evident since 15 pounds of sulfur added above the amount 
carried by a commercial .3-8""8 fertilizer gave an increase in yield 
of 33.6%, Regardless of the increase in yield of the cotton due to 
higher rates of potash, the yield was further inci'eased by the supple- 
rnetit of 15 pounds of sulfur. 

RAINFALL 

The precipitation during the growing season at Gainesville and 
Madison, Fla., as compared to the normal is given in Table 3. Ex- 
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cessive rain in early spring and the resultant leaching might account 
for the unusual response to sulfur during 1944. 


Table 3. — Precipitatio7i in inches during the growing season of 1Q44 as conipared 
to the normal at Gainesville and Madison , Fla.'^ 


Month 

Gainesville 

Madison 

1944 

Normal 

1944 1 

Normal 

Mar 

8.57 

3-35 

7-55 

3-83 

April . 

6.44 

2.40 

6.56 

3.12 

May — 

1. 80 

i 3.15 

0.95 

3.76 

June 

3-73 

1 6.84 

4.92 

6.50 

July.. 

9-32 

! 7.34 

14. 1 1 

i 6.96 

Aug 

7.16 

1 6.50 

7.90 

1 6.99 

Sept 

1 2.66 

! 5.37 

5-44 

! 5.02 


*Taken from CHmatological Data, Florida Section Weather Bureau, U. S. Dept, of Commerce. 


GENERAL DISCUSSION AND CONCLUSIONS 

The 3'esults for cotton on three soil types in two widely separated 
parts of Pdorida indicate that sulfur was deficient for the growth of 
the crop. The fact that the two locations are about 100 miles apart 
suggests that there might be large areas in this state where sulfur is 
deficient. The idea becomes more plausible when it is considered 
that Florida has sandy soils which are easily leachable, a high rain- 
fall, and lacks large industrial areas. While these results were ob- 
tained for cotton, it is entirely possible that other agronomic, vegeta- 
ble, and citrus ci'ops may respond nutritionally to sulfur when applied 
either in the fertilizer, dusting, or spray program. Furthermore, in 
plant nutritional experitnents on these soils involving such materials 
as superphosphate, magnesium, copper, zinc, and manganese sulfate, 
the effect of the sulfate will have to be clearly differentiated from 
thatmf the other elements present. The results indicate that sulfur 
nutrition merits greater consideration. 
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RESPONSE TO RESIDUAL PHOSPHORUS OF COTTON 
IN CONTINUOUS CULTURE^ 

GarthW.Volk" 

P nOvSi'MIATiC fertilizers have been used in relatively large 
amounts for many years on considerable acreages in the South. 
Smi!e soils in this area have been well phosphated, is it possible 
either to disconiinue or reduce the amount of phosphatic fertilizer 
used and still maintain good crop yields? This question has been 
considered l:)y agronomists for many years, but the answers are still 
varialde. A number of factors play a very important role in affecting 
tile availability of residual phosphorus. Of these probably the most 
important are, lirst, the capacity of a soil to fix phosphorus in an un- 
availal>le form; second, the amount of phosphatic fertilizer applied; 
and third, the kind and use of the crops grown. 

Ware, Brown, and Yates (ii)" studied the residual effect of phos- 
phorus on Irisli potatoes in southern Alabama, They found that 
soils whicb rec‘ei\’e.d 240 pounds of P2O5 per acre annually for 4 years 
droppinl from ()6 to 24 p43.n1. of available phosphorus 4 years after 
jjhos|)hate a],)] )li cations were discontinued. Likewise, when 240-pound 
applications were followed by 1 20- and 6o-pound applications of PgOg, 
the availal:»k‘ phosphonis dropped from 66 to 34 and 25 p.p.m, of 
phespliarus, res])ectively, in 4 years. The yields of potatoes also 
tlropi'K^J r^ansiderably when the 240-pound rate of P2O5 was followed 
by 120-, ( 30 ”, or o-pound rates of P2O5. They concluded that the 
of phosplioms applications were apparent for a considerable 
inttnber of yiaars after phosphonis applications had been discontinued. 
Since the t'a^jacity of a soil to fix phosphonis is directly related to the 
residual offtuT of applied phosphorus, the reader is refen'ed to the work 
of Weiser (12) and Midgley (6) who have reviewed quite extensively 
Pus phase of the literature. 

Another factor, the loss of phosphonis by erosion, which has not 
been investigated very extensively until recent years, appears to be 
playing a very important part in reducing the residual effects of 
phosphorus. Scarseth and Chandler (8) reported that 60% of the 
pliosphoms applied as superphosphate was lost from a light-textured 
soil during a period of 26 years. Many other investigators (i, 2, 4, 5, 7) 
have reported that varying amounts of plant nutrients have been 
lost by erosion. 

The |.)urpGse of this paper is to report the results of an experiment 
ill which the residual effect of phosphonis on cotton was studied. 


^Contribution from the Department of Agronomy and Soils, Alabama Agri- 
eultural EKperiment Station, Auburn, Aia, Published with the approval of the 
Direitor. Received for publication January 9, 1945. 

®Soil Chemist. The author acknowledges the assistance of Margaret Wentizel 
and Alfredo Martinez in making the total phosphorus determinations. All records 
of cotton yields and actual operation of the field experiment were carried out by 
R. C. Christopher, Superintendent, Sand Mountain vSubstation, Crossville, Ala. 

^Reference by numbers in parenthesis is to “Literatui'e Cited”, p. 340. 
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EXPERIMENTAL PROCEDURE 
DESCRIPTION OF RESIDUAL PHOSPHATE EXPERIMENTS 

The field experiment was started in 1930 on a Hartsells very fine sandy loam 
at the Sand Mountain Substation near Crossville, Ala. The main purpose of the 
experiment was to study the residual effect of applied phosphorus on the yield 
of cotton in subsequent years. The test contained two tiers each of 17 i /30-acre 
plots ill duplicate. 

Nitrogen was applied to all plots at the rate of 36 pounds of N per acre annually. 
One fourth of the nitrogen as ammonium sulfate was applied in the row before 
planting and three-fourths as nitrate of soda was sidedressed. Muriate of potash 
was applied at the rate of 24 pounds of KoO per acre annually. The reaction of 
the soil on which this experiment was conducted was approximately pH 5.5. 

Details of the phosphate treatment are given in Table 3. Cotton was grown 
continuously throughout the 14-year period reported on in this paper. 


METHODS OF ANALYSIS 

All plots were sampled in 1929 before fertilizer applications were made. Each 
sample consisted of 10 borings taken from the surface soil. In the spring of 1938 
and 1944, the plots were sampled again and 10 borings \vere taken at o- to Srinch 
and 8- to r6-inch depth. The soil samples were thoroughly composited and then 
ground to pass a 1 00-mesh sieve. Determinations of total phosphorus were made 
by using the perchloric acid method of Shelton and Harper (9). Available phos- 
phorus was determined by using 0.00 2N H2SO4 (10). 

RESULTS AND DISCUSSION 

EFFECT OF VARIOUS AMOUNTS OF PHOSPHORUS ON YIELD 
OF SEED COTTON 

The yields of seed cotton for the first period (1930-34) and the 
second period (1935-43), and the pounds of P2O 5 removed per acre 
are given in Table i. Ail plots that did not receive phosphorus during 
either period are considered as checks. The yields from these plots 
were much below those for all plots receiving phosphorus. Even 
though this experiment was continued for 14 years, the total amount 
of PaOr, removed by the cotton crop varied from 106 to 154 pounds 
per acre. for plots receiving phosphorus and from 54 to 76 pounds 
for those receiving no phosphoms. These small amounts are due to 
the fact that only the cotton lint and seed are removed from the land. 
The cotton plants remain on the land and the phosphorus contained 
in them is returned to the soil as a result of decomposition. 

^ xActual increases in seed cotton from phosphorus fertilization are 
givtm in Table 2. The increases in yields for the first period (1930-34) 
varied from 336 to 452 pounds of seed cotton per acre on tier 24 and 
from 589 to 734 on tier 25. The greatest increases were obtained for 
the first increment of 30 pounds of P2O6; however, additional incre- 
ments of P2C)5 did increase the yields substantially. On plots that 
received 30, 60, 90, and 120 pounds of P2O5 per acre annually for 
the entire 14-year period, the increases over the check plots from the 
various amounts of phosphorus were somewhat greater during the 
second part of the period (x935’“43)- Probably this is due largely 
to the great decline in the yields on the check plots during the latter 
part of the experiment. The actual decline of yields on the check 
plots is shown in Fig. I. 
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and 1939-43. Both the unfertilized and the plot receiving 30 pounds 
of P2O5 in the first period dropped in yields at about the same rate 
(Fig. i) ; however, the latter remained at a higher fertility level for 
the entire second period. The plot receiving 60 pounds of P2O5 per 
acre annually in 1930-34 and none thei*eafter also decreased in yields 
during the second period. When 90 and 120 pounds of P2O5 were used, 
the declines in yields were much less than those of the smaller 
amounts. There is a distinct residual effect from all phosphoms 
rates, but it is much more pronounced for the higher rates. When 
phosphorus was applied during the second period, there was very 

Tie Id of 
seed cotton 
l*bs« per aor@ 



334 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


Table 2.— The yield of seed cotton grown on a Harisells very fine sandy loam 
fertilized with various awonnls of phosphatic fertUizer, 


Number 
of plots 

Fertilizer used an- 
nually, 600 lbs, per 
acre 

Average yield per 
acre of seed cotton, 
lbs. 

Increase per acre 
due to phovsphorus, 
lbs. 


Tier 24, 1930-34 


7 

6™o-4 

1 1,012 

— 

3 

6-5-4 

1,348 

336 

3 

6-10-4 

1,409 

v 397 

2 . 

6-15-4 

1,468 

456 

2 ■ 

6-20~4 

1,464 

, . 452 


Tier 25, 

1930-34 


I 

6-o~4 

706 

— 

2 

6 - 5-4 

1,295 

589 

2 

6-10-4 

b 357 

651 

3 1 

6-15-4 

1,428 i 

722 

3 

6-20-4 

1,440 

734 


Tier 24, r 930-43 


2* 

6-0-4 

781 

— 

I 

6-5-4 

i ,409 

628 

2 

6-0-4 

768 

■ 

I 

6-10-4 

1,458 

690 


Tier 25, I 93 a "43 


2 

6-0-4 

487 


1 

6-15-4 

1,466 

979 

2 

6-0“4 

569 

— _ 

I 

6-20-4 

1.526 

957 


little, if any. decline in yields, regardless of the treatment during the 
first period. The actual change in yields by 2~year periods for 1935-43 
as compared to 193 0-3 4 ai'e shown in Fig. i. When phosphorUvS was 
discontinued, the yields dropped about 200 pounds per acre the first 
2 years (193 5-3 6) regardless of the treatment in the first period 
(Fig. i). For the next 2 years, the yield was fairly constant, but there- 
after a gradual decline in yields resulted. The greatest decline was 
obser\ ed in the lowest phosphate treatment. By 1943 the yields from 
plots receiving the 30 and 60 pounds of P2O5 in the first period 1930- 
34 went IdcIow the yields of the check plot for the first five years, 
liie plot receiving the lowest amount of phosj)horus reached this level 
almost immediately or 2 years after phosphorus applications were 
di>s<X)ntittued. When 30 pounds of PsOb were used during the second 
period, there was no appreciable change in the yield of cotton. 

It is c|uite apparent from these data that, regardless of the amount 
of phosphorus used in this experiment, there was an immediate drop 
in cotton yields after application of phosphorus was discontinued. 
Likewise, there was a drop when 30 pounds followed the 60-, 90-, and 
i2o-pound rates, but it was much smaller. Thus, it appears that 
small amounts of readily available phosphoms must be present 
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Table Residual effect of phosphorus on the yield of coUo7i grown on Harisells 

very fine sandy loam. 


Plot 

Fertilizer ti*eat- 
meat, 600 lbs. 
per acre annually 

" ■ , ■ ■ ■ i 

Av. acre yield of seed 
cotton, lbs. 

Av. decrease or in- . 
crease in yield per acre 
of seed cotton, lbs. 

No., 






From 

From f 


1930-34 

1935-43 

1930-34 

1935-38 

1939-43 

1930- 34 to 
1935-38 

1935-38 to 
1939-43 


Tier 24 


I, 5 

6-0-4 

6-0-4 

1,027 

811 

487 

-216 

2 

6-5-4 

6-0-4 

1,323 

1, 114 

783 

-209 

3 

6-10-4 

6-0-4 

1,437 

1,219 

1,081 

“2I8 

4 

6-15-4 

6-0-4 

1,473 

1,323 

1,233 

-150 

6 

6-20-4 

6-0-4 

1.483 

1,334 

1,237 

-149 

5 , 9 , 13. . 

6-0-4 

6—0—4 

972 

829 

544 

“I43 

7 

6-0-4 

6-5-4 

1,029 

1,292 

1,366 

+263 

8 

6-5-4 

6-5-4 

1,386 

1,390 

1,445 

, +4 . 

10 

6-10-4 

6 - 5-4 

1,346 

1,310 

1,405 

-36 

II 

6-15-4 

6 - 5-4 

1,463 

1.407 

1,474 

-56 

12 . . . , . . 

6-20-4 

6-5-4 

1,445 

1,401 

1,424 

■ ™44 

13, 17 - . ■ 

6-0-4 

6tO-4 

1,015 

758 

530 

-257 

14 

6-0-4 

6-10-4 

1,077 

1,361 

1,502 

4-284 

15 

6-5-4 

6-10-4 

1,334 

1,324 

1,438 

“10 

16 

6-10-4 

6-10-4 

1,445 

1,384 

1,534 

“61 


Tier 25 


-331 
-138 
~ 90 
~ 97 

-285 
+74 
+55 
+95 
+ 67 
+23 

-228 
+ 141 
+ 114 
+ 150 


I, 

6-0“4 

6-0-4 

768 

598 

; .270 

“I70 

-328 

2 . 

6-15-4 

6-104 

1,403 

1.439 

1.494 

+36 

+55 

3 • 

6-20-4 

6-104 

1,496 

1.463 

1.508 

"33 

+45. 

5,9 

6-0“4 

6-04 

691 

507 

“ 2 68 

>184 

-239 

4....... 

6—0—4 

6-15-4 

653 

1.376 

1,520 

+723 

+144 

6. 

6-5-4 

6-15-4 

1,249 

1,428 

r ,534 

+179 

+ 106 

7 

6 -io~4 

6-15-4 

1,3 m 

1,414 

,,481 

+104 ■ 

+67 

8. 

6-15-4 

6-15-4 

1,393 

1,464 

1.540 

+71 : 

.+76. : - 

10. ..... 

6-20-4 

6-15-4 

1,366 

1.450 

1.547 

+84 

+97 . 

9 , S 3 , 17. 

6-0-4 

6—0—4 

693 

573 

351 

—120 

' -222 

II . ..... 

6-0-4 

6-204 

677 

,.453 

1.581 

+776 

+128 

12 

6-5-4 

6-204 

1,341 

1,496 

,.603 

+,55 

: +107 

14. . . ... 

6-10-4 

6-204 

1,403 

1.5,3 

1,642 

+110 

+129 

15. . . ... 

6-15-4 

6-20-4 

1,488 

1.505 

1.643 

+17. 

+138 

16 

6-20-4 

6-204 

1,459 

1.483 

,.627 

+24 

+144 


for the cotton to utilize when its root system begins to develop. 
Also, the residual effect of the lower rates of phosphorus are not 
great enough to warrant the discontinuation of phosphorus fertiliza- 
tion. When one considers that the average farm application of PgOs 
IS about 30 pounds per acre and that the Hartsells soils are one of the 
lowest fixers of phosphorus in Alabama, it is reasonable to assume- 
that annual phosphpms fertilization of cotton must be continued 
throughout the state if high yields of cotton are to be obtained. 


334 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


Table 2.-— -The yield of seed cotton grown on a Hart sells very fine sandy loam 
fertilized with various amotints of phosphatic fertilizer. 


Nuinber 
of plots 

Fertilizer used rin~ 
iiually, 600 lbs, per 
acre 

A\'’erage yield per 
acre of seed cotton, 
lbs. 

Increase per acre 
due to phosphorus, 
lbs. 


Tier 24 

i930“34 


i 

6-0-4 

1,012 

— 

3 

6-5-4 

1,348 

336 

3 

6-10-4 

1,409 

397 

2 

6-15-4 

1,468 

456 

2 

6-20-4 

1,464 

452 


Tier 25, 

1930-34 


I 

6-0-4 

706 

— 

2 

6~5"4 

L295 

589 

2 

6-10-4 

L357 

651 

3 

6-15-4 

1,428 

722 

3 

6“20“4 

1,440 

734 


Tier 24, 1930-43 


2 

6-0 "4 

781 

— 

1 

<'>-5-4 

1,409 

628 

2 

6-0-4 

768 

■ — 

1 

6-1 0-4 

1458 

690 


Tier 2, 

=). I930-43 


2 

6-0-4 

487 

— 

I 

6-13-4 

1,466 

979 

2 

6-0-4 

569 

— 

I 

6-20-4 

1,526 

957 


little, if any, decline in yields, regardless of the treatment during the 
first period. The actual change in yields by 2-year peiiods for 1935-43 
as compared to 1930-34 are shown in Pig. i . When phosphorus was 
discontinued, the yields dropped about 200 pounds per acre the first 
2 years (1935-36) regardless of the treatment in the first period 
(Fig. i). For the next 2 years, the yield -was fairly constant, but there- 
after a gradual decline in yields resulted. The greatest decline was 
observed in the lowest phosphate treatment. By 1943 the yields from 
plots receiving the 30 and 60 pounds of P2O5 in the first period 1930- 
34 went below the yields of the check plot for the first five years. 
Tlic plot receiving the lowest amount of phosphorus reached this level 
almost immediately or 2 years after phosphoms applications were 
discontinued. When 30 pounds of P2O5 were used during the second 
period, there was no appreciable change in the yield of cotton. 

It is quite apparent from these data that, regardless of the amount 
of phosphorus used in this experiment, there was an immediate drop 
in cotton yields after application of phosphorus was discontinued. 
Likewise, there Avas a drop when 30 pounds followed the 60-, 90-, and 
120-pound rates, but it was much smaller. Thus, it appears that 
small amounts of readily available phosphorus must be present 
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Table 2^.— Residual effect of phosphorus on the yield of cotton grown on Hariselh 

very fine sandy loam. 


Plot 

Fertilizer treat- 
ment, 600 lbs. 
per acre annually 

Av. acre yield of seed 
cotton, lbs. 

Av. decrease or in- 
crease in yield per acre 
of seed cotton, lbs. 

No. 














From 

From 


1930-34 

I 935-43 

1930-34 

1935-38 

> 1939-43 

1930-34 to 

1935-38 to 







1935-38 

1939-43 




Tier 24 




I, 5 

6-0-4 

6-0-4 

1,027 

811 

487 

-216 

- ■ -324 

7 

6-5-4 

6-0-4 

U323 

1,114 

783 

-209 

”331 

3 

6-10-4 

6-0-4 

U 437 

1,219 

1,081 

-218 

-138 

4 

6-15-4 

6-0-4 

1473 

1,323 

1,233 

"150 

- 90 

6 

6-20-4 

6-0-4 

1,483 

U 334 

1,237 

-149 

” 97 

5 i 9 » ^ 3 - • 

6-0-4 

6—0—4 

972 

829 

544 


-285 

7 * 

6-0-4 

6-5-4 

1,029 

1,292 

1,366 

-1-263 

4_74 

8 . . 

6-5-4 

6-5-4 

1,386 

1,390 

1,445 

, +-4 

-1-55 

10 j 

6-10-4 

6-5-4 

1,346 

1,310 

1,405 

”36 

•+-95 

II 

6-15-4 

6-5-4 

1.463 

1,407 

1474 

-56 

4^67 

12 

6-20-4 

6-5-4 

1445 

1401 

1,424 

■ ”44 

-f-23 

13, 17. • . 

6-0-4 

6-0-4 

1,015 

758 

530 

”257 

-228 

H 

6—0—4 

6-10-4 

1,077 

1,361 

1,502 

4-284 

-1-141 

15 

6-5-4 

6-10-4 

1.334 

1,324 i 

1,438 

-10 

-1-114 

16 

6—10—4 

6-10-4 

1445 i 

1,384 

1,534 

-61 

4-150 




Tier 25 




U 5 

6-0-4 

6-0-4 

76S 

598 

270 

-170 

1 ”328 , 

2 

6-15-4 

6-10-4 

1403 

1,439 

1,494 

+36 

+55 

3. ..... . 

6-20-4 

6-10-4 

1,496 

1,463 

1,508 

”33 

' +45 

5 i 9 

6-0-4 

6 — 0— 4 

691 

507 

268 

-184 

”239 

4. 

6-0"4 

6-15-4 

653 

1.376 

1,520 

-1-723 

+ 144 

6 

6 - 5-4 

6-15-4 

1,249 

1,428 

U 534 

-1-179 

4-106 

7 

6-io~4 

6-15-4 

1,310 

1,414 

1,481 

-fi04 ■ 

+67 

8 

6-15-4 

6-15-4 

1.393 

1,464 

1,540 

-f 71 ■ 

+76 : 

io. ..... 

6-20-4 

6-15-4 

1,366 

1450 

1,547 

-1-84 

+97 

9 , 13, 17. 

6-0-4 

6-0-4 

693 

573 

351 

-120 

' -222 

11...... 

6-0-4 

6-20-4 

677 

1453 

1,581 

+776 

4-128 

12 

6 - 5-4 

6-20-4 

1,341 

1,496 

1,603 

-Hiss 

+ 107 

14 

6-1 0“4 

6-20-4 

1403 

1,513 

1,642 

4- no 

4-129 

15...... 

6-15-4 

6-20-4 

1,488 

1,505 

1,643 

•+17. 

+ 138 

16 

6-20-4 

6-20-4 

1459 

1,483 

1,627 

+24 

4-144 


for the cotton to utilize when its root system begins to develop. 
Also, the residual effect of the lower rates of phosphorus are not 
great enough to warrant the discontinuation of phosphorus fertiliza- 
tion. When one considers that the average farm application of PjOs 
IS about 30 pounds per acre and that the Hartsells soils are one of the 
lowest fixers of phosphorus in Alabama, it is reasonable to assume 
that annual phosphorus fertilization of cotton must be continued 
throughout the state if high yields of cotton are to be obtained. 
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PHOSPHORUS SOLUBLE IN O.OO 2 N H2SO4 

Soil samples wei*e collected from the field plots in February 1938 
for the determination of available phosphorus. The amount of P2O5 
extracted from the soils by using 0.002N H2SO4 (10) is given in Pig. 2 
There is an excellent con'elation between the amount of P2O5 added 
to the soil and the amount extracted by 0.002N H2SO4. The variations 
between ctiiwes is directly related to the amount of P2O5 applied 
to the soil during the first period (i930'-34). When increasing amounts 
of P2O5 were added to various plots in iQSS-a? the amount of P2O5 
soluble in 0.002N H2SO4 also increased regardless of the treatment in 
i93o~“34. It will be noted that the curve having the lowest amounts 
of P2O5 represents soils from plots that had received no P2O5 in the 3 
years previous to sampling. 

PHOSPHORUS CONTENT OF SOIL 

The total amoixnt of PoOs as pounds per acre in the soil at 
the beginning of the experiment and 14 years later are given in 
Table 4. All plots contained approximately the same amount of 
total P2O5 in 1930. After 14 years of continuous cropping with cotton, 
those plots receiving no phosphorus had decreased about 25% in 
P2O5. Of this amount approximately one half was lost by cropping 
and the rest was probably lost by surface erosion. Even where 30 
and 60 pounds of P2O& were added annually during the first 5 years, 
there was a loss in total P2O5. When phosphoras was added con- 
tinuously throughout the 14-year period, there was a gain in total 
P2O5 in the soils; however, this gain was not equal to the total phos- 
phorus added to the soil. There appears to be a slight gain in total 
P2O& in the subsoil on most of the plots, but, since subsoil samples 
were not taken at the start of the experiment, the actual gain or loss 
of subsoil phosphorus cannot be readily determined. The data given 
in Table 4 were obtained by subtracting the total P2O6 in the subsoil 
of check plots from that contained in the other plots. 

It will be noted in Table 4 that the average loss of P2O5 from all 
the plots was 25.7% of the total P2O5 found in the soil in 1930 plus 
that which was added during 1930-1943. This is approximately 2)4 
times as much as that removed by the crop. Since the amount of P2O5 
tmaccounted for is not in the surface x6 inches of soil, it is believed 
to have been lost by sheet erosion. The experiment was in continuous 
cotton and no cover crop was used during the winter months. The 
plots appear to be very uniform, and they are located on land with 
only a very slight slope. It has been noted, however, that during 
heavy rains there is considerable mnoff from the plots, and it is 
reasonable to assume that colloidal material has been removed from 
the soil. 

If the results obtained from this experiment are applicable to most 
soils of Alabama, tremendous amounts of P2O5 are being lost annually 
by erosion. Since it is possible to lose about one fourth of the applied 
phosphorus by erosion and a considerable amount is tied up in forms 
that are not available to plants, it appears that annual applications 
of phosphorus would be more profitable over a period of years than 
the intermittent use of large amounts. 
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SUMMARY 

A study was made of the residual effect of phosphorus accumulated 
from fertilization on the yield of cotton grown on uneroded Hartsells 
very fine sandy loam. Cotton was grown continuously for 14 years 
(1930-43, inclusive). During the second period (1933-43), phosphate 
fertilization was discontinued on some of the plots and residual effects 
noted. Nitrogen and potash fertilizer were applied annually to all of 
the plots. 


F20g soluble in 
.002N H2SO4 
lbs# per acre 



Table 4,~-~An inventory of th^ phosphate losses and accumulations in a 14-year period in the top 16 inches of Hartsells very fine 

sandy loam. 
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The results may be summarized as follows : 

1. When phosphorus fertilization on Hartsells very fine sandy 
loam was discontinued after 30, 60, 90 and 120 pounds of P2O5 had 
been used annually during the period 1930-34, inclusive, the yields of 
cotton decreased decidedly. However, a residual effect on cotton 
crops that followed was obtained from the accumulated phosphorus, 
which was more or less in proportion to the amount added. High rates 
of phosphoms application followed by low rates did not result in a 
distinct decrease in yield. 

2. Regardless of the rate of phosphorus application during the first 
period, there was a drop of about 200 pounds of seed cotton the first 
or second year after fertilization was discontinued. 

3. The yield of cotton on the plot receiving 30 pounds of P2O5 in 
the first period finally went below the original yield of the check 
plots about 3 years after phosphorus fertilization was discontinued. 
The plot that had received 60 pounds of P2O5 reached the fertility 
level of the orig:mal check plots in about 7 years, while all higher 
treatments continued to produce more cotton than was originally 
produced by the check plots. 

4. The total amount of phosphorus unaccounted for by chemical 
anal^’ses of the soil and by crop removal in the surface 16 inches 
of soil is equal to approximately 25% of all that which had been 
added plus that which was in the original soil. This amount was 
about 2 >2 times as much as was removed by the cotton in the 14*- 
year period. The phosphorus unaccounted for in the. crop or in the o- 
to ifi-ineh layer of soil is considered lost by erosion. 
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RELATION BETWEEN NUMBER OF PARENTAL LINES 
AND THEORETICAL PERFORMANCE OF SYNTHETIC 
„ . VARIETIES OF CORN' 

Murray L. Kinman AND G. F. Sprague^ 

T he utilization of hybrid vigor has provided the basis for the 
more recent improvement in corn. Synthetic varieties of corn 
have been used only to a very limited extent either conimerciany 
or as reservoirs of desirable gene combinations. Synthetic varieties 
are being used to a limited extent among horticultural crops and 
among the various forage grasses and legumes. One of the new alfalfa 
varieties, Ranger, is a composite of five strains resistant to bacterial 
wilt. Under conditions where the annual production of first genera- 
tion hybrid seed may be impractical synthetic varieties offer an 
opportunity to utilize an appreciable amount of hybrid vigor. 

The purpose of this study was twofold; first, to investigate the 
type of gene action involved in the inheritance of various quantita- 
tive characters having their visible effects in desirable agronomic 
performance and second, to investigate the manner in which selected 
inbred parents may be used to best advantage in the production of 
synthetic, varieties of corn. 

Few data are available on the actual performance of synthetic 
varieties. Hayes (i)^ reported yields of five synthetic vaiieties which 
represented combinations of from 8 to 15 lines. The parental lines 
involved in each synthetic variety were deiived from an individual 
open-pollinated variety. The percentage increase or decrease in yield 
for the synthetic as compared with the parental variety ranged from 
-1 1.7 to + 16.6 

Sprague and Jenkins (8) reported data on the acre yields of the 
Fi, F2, Fs, and F4 generations of four 16-line and one 244ine synthe- 
tics and of several open-pollinated varieties. In general, the average 
yield of the advanced generations closely approximated the average 
yield of the open-pollinated varieties with which they were compared. 
The inbred lines involved in these hybrids were chosen for specific 
characteristics other than combining ability, hence the yields of these 
synthetics may not be representative of the yields to be expected with 
adequate selection for combining ability. 

Yields of the Fi and F2 generations of 8- and 16-line synthetics 
were reported by Kiesselbach (5), Concerning synthetic varieties in 
general, he states, "The Nebraska Experiment Station has had a 
number as productive as ordinary varieties but no better.'' 

^Contribution from Farm Crops Subsection, Iowa Agricultural Experiment 
Station, Ames, Iowa, and the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Adrnimstrati^, U. S, Dept, of Agriculture, cooperating. Journal paper J-i2S4 
Iroject 163. Received for publication January 19, 1945. * 

^Pomieriy Research Assistant, Agronomy Section, Farm Crops Subsection, 
mwa i^ricultural Experiment Station, and Senior Agronomist, Division of 
Cereal Crops and Diseases and Collaborator Agronomy Section, Farm Crops 
Subsection, Iowa Agricultural Experiment Station, respectively. 

■^h igures in parenthesis refer to '‘Literature CitedV\ p. 350. 
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The synthetic varieties compared in the reports cited above were 
comprised largely of untested parental lines. Hayes, Rinke, and 
Tsiang (2) present data on the first synthetic made up of lines of 
proved combining ability. This synthetic was shown to be superior 
to the standard commercial variety and at least equal to Minhybrid 
403 in 3delding abilit^c 

Tysdal, Kiesselbach, and Westover (9) reported yields of six 
synthetic varieties of alfalfa involving from 2 to 18 parental lines. 
Their yields ranged from 97 to 104% of the mean yield of six standard 
varieties with which they were compared. 

MATERIALS AND METHODS 

Seed of the 45 possible single crosses among 10 inbred lines was produced at 
Arnes, Iowa, in 1942. Seed of the Fo generation of these single crosses was produced 
in The greenhouse at Beitsville, Md., in the winter of 1942-43. Yield tests of the 
inbred lines and of the Fi and F2 generations of the crosses among them were 
grown at Arnes in 1943. The Fi generation of the single crosses (1943 Midseason 
Uniform Test), together with four double crosses, were compared in a 7X7 lattice 
square pperiment with four replications. The 45 Fa’s together with the 4 dummy 
Fa entries were compared in an experiment of similar design. The 10 inbred lines 
were compared in an experiment having a randomized complete block design 
witli four replications. The entire test area was divided into four equal parts and 
one replication from each experiment was assigned to each area at random. This 
should insure comparable data from each of the three experiments. Each individ- 
ual replication was bordered with material of similar vigor. Data were recorded 
on yield, root lodging, unbroken stalks, moisture content of shelled grain at 
harvest, and pereetitage damaged kernels. 

Formulae are available for computing the performance of the F2 generation 
expected on the assumption of either additive or geometric gene action. Other 
types of gene action are possible, but the statistical procedures for evaluating 
such action are inadequate at present. The formula used for computing F2 per- 
formance expected on the assumption of additive gene action is that proposed by 

(Fi-P) 

Wright (10), namely, F2 = Fi . The corresponding formula for computing 

n 

F2 performance expected on the assumption of geometric gene action is similar to 
that proposed by Powers (7), 

2'log Ft 2 log Fi 4 - log Pi. . . -f log Pi7 

(PlXPUT... (P(rx-l)XPu) 

F2 '= antilog of ^ -5^5 ^ ^ . 

. . 

In both formulae, F2 represents the expected performance of the F2 generation 
of the cross or synthetic variety, Fi the average perfoimiance of all possible single 
crosses among the parental lines involved, P the performance of the parental 
lines, and n the number of parental lines involved. The use of either formula 
implies that all matings are random. vSimilarly, with each assumption regarding 
gene action four factors operate in determining the performance of a synthetic 
variety {sj. Thetie are (a) the number of lines involved, (b) their mean perfor- 
mance as lines, (c) the mean performance of all possible single crosses among 
them, and (d) the amount of self pollination. In these studies this latter factor 
has been ignored as corn is almost completely cross pollinated. This factor may 
be of great importance in crops where some degree of natural self fertilization 
occurs, and Tysdal, Kiesselbach; and Westover (9) have discussed the theoretical 
possibilities of various levels of cross pollination in alfalfa synthetics. 

EXPERIMENTAL REwSULTS 

The parental line, Pi, and the observed and expected F2 acre yields 
are presented in Table i. The Fi yields occupy the lower left-hand 
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triangle, Fa yields the upper right-hand triangle, and yields of the 
parent lines the diagonal of the table. Within each group of three Fa 
yield values in the upper triangle, the upper figures represent the 
observed acre yield and the middle and lower figures represent those 
expected on the assumption of arithmetic and geometric gene action, 
respectively. Analyses of variance were calculated for these sets of 
values for all characters studied. 

In preliminary calculations comparisons were made by twos, i.e. 
observed vs. arithmetic, observed vs. geometric. The error tenns 
for the different comparisons were very similar so a combined analysis 
for the three variables was calculated and a summary of these analyses 
is presented. The^ analysis break down for acre yield is presented in 


Table i,—A comparison oj parental line, F\, and observed and calculated yields for 
the Fz populations of 4 S single crosses grown at Ames, Iowa, in IQ43* 


i 

Hy 

R46 

B2 

WF9 

38-n 

K159 

Gh 07 

Ob 04 

WV7 

CI.14 

Hy 

3 H 9 

49.8 

497 

52.3 

64.7 

62.6 

58.7 

47-2 

47.0 

39.0 



58.7 

55-4 

48.6 

56.3 

60.5 

51-9 

53-0 

49.6 

40.0 



53-9 

51-6 

45.0 

49-3 

56.5 

47,2 

42.5 

43.0 

24.1 

R46 

81.6 

39.8 

58.1 

56.7 

61. 1 

58-9 

56-3 

50.5 

44-9 

31-4 




60.8 

61.2 

64.0 

66.3 

514 

48.6 

47.9 

527 




56-9 

54-5 

55.5 

62.5 

48.1 

41-3 

43-2 

29.6 

B2 

75.3 

82.2 

39-0 

47.8 

59-3 

68.3 

55-1 

47.8 

45*1 

37-9 





67.9 

& 5-3 

66.1 

69-5 

56.0 

59-9 

40.8 





58.3 

56.1 

62.2 

59.2 

454 

50.3 

25.0 

WF9 I 

67.1 

88.2 i 

102.1 i 

28.5 

58.9 

61.6 

54-8 

57-5 

49 -X 

40-5 






57-2 i 

58.7 

57-1 

52.9 

48.0 

43.0 






48.9 

54-3 

49.4 

4^7 

414 

24.9 

38-11 

834 

94.9 ' 

1 

97-9 : 

87.0 ' 

26.5 

66.9 

56.9 

38.0 

54-7 

36.1 






i 

66.4 

59-7 

41.8 

61.6 

40.2 





1 


58.6 

50*3 

35-4 

48.1 

23.6 

K159 

80.1 

87-9 

87.8 1 

78.2 , 

94.6 , 

49.8 

61.5 

54-2 

47-7 

48.6 








62.3 

67.1 

58.0 

53-2 


' 1 






567 

52.8 

50,6 

30.5 

Ob 07 

73*7 

68.6 

105.2 

85-7 

92.0 

00 

cn 

28,5 

58.6 

47.2 

46.6 









50.6 

55.6 

47-0 









40.6 

45.6 

26.3 

Ob 04’ 

82.6 

69.7 

84.9 

84.1 

62.8 

I0I.8 

79*5 

15.1 

35.0 

39-4 








1 


33.3 

38,0 


^ 1 








29.2 

20.7 

WV7 

73‘2 

65-9 

90.2 

71.8 : 

i 

100.0 

81.0 

86.9 

49,0 

20.1 

25.8 











27*3 











17.9 

Cl. 14 

62.7 

84.1 

60.8 

70.4 

65.8 

80,1 

78.5 

67.2 

43.3 

27 

Av. Pi 

75-5 

80.3 

B7.4 

81.6 

86.5 

86.3 

83-9 

75-7 

73-5 

684 


‘^‘Difference necessary for significance at the s% level, F* « X2»i bu.; Fa = 7.8 bu.; P == 6.3 bu. 


344 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

Table 2. The sum of squares for “method’’ may be partitioned 
orthogonally into observed vs. arithmetic and observed + arithme- 
tic vs. geometric. This latter component has no important signifi- 
cance. By a different orthogonal partition the obseiA^-ed vs, geometric 
component may be separated. 


Tabus 2.~---Analysu of mriance of observed and cakulaied F 2 acre yields in bushels. 


Source of variation 

D/F 

vSum of 
squares 

Mean 

square 

F 

value 

Cros??es . ■ 

A A 

TirnK n*? 

297.84 

1026.64 

229.12 

1S24.16 

19.98 


Method 

2 

2053.28 ; 
229.12 
1824.16 

1756.38 

16916.73 

51.38** 

II.47** 

Observed vs. arithmetic 

I 

Observed -Tarithemtie vs. geometric 
Cross X method 

I 

88 

Total....... I 

134 



^^Exceeds 1 % point. 


The F values for the observed vs. calculated comparisons for the 
five variables studied are presented in Table 3. The F2 performance 
expected on the assumption of arithmetic gene action is in closer 
agreement with observed values than that expected on the basis of 
geometric gene action for acre yield, root lodging, and damaged 
kernels. Both sets of calculated values are in good agreement with 
observed values for unbroken stalks and per cent of moisture in 
grain. The comparivsoiis among arithmetic vs. geometric values have 
little significance as these two sets of values are not independent, 
both lieing calculated from the same series of Fi and parental means. 


Table Coefficients of m the five variables and F values for the compari- 

sons of interests. 



i Coeffi- 


F values 


Variable 

■ . ! 

dent of 
variation 

Observed vs. 
arithmetic 

Observed vs. 
geometric 

Arithmetic vs. 
geometric 

Yield...... 

9 

11.47=^* 

43.32** 

99.36** 

Root lodging ..... 

14 

10.70*^ 

29,24** 

4 - 57 * 

Unbroken stalks. . 

■ I ■ , . i 

1.48 

0,61 

0.26 

Damaged kernels. 

,41 ■ 

0.14 

12.73** 

10.21** 

.'Moisture. i 

5 

O.IO 

O.II 

0.36 


^Exceeds point, 
i% point. 


It may be well to emphasize that the differences between the 
aciual values an<i those calculated for arithmetic gene action are 
deviations from the simple additive scheme. These non-additive 
deviations may be cauf?ed by dominance or epistatic effects. The 
calculation of an “arithmetic value” does not imply that all of the 
genes involved in the expression of the particular character operate 
in an additive fashion. It does provide a measure of the average 
effect of all gene substitutions affecting a particular character and. 
assumes that this average effect of gene substitution is similar over 
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all genotypes encountered in the population. One may conclude 
from the data presented in Table 3 that the assumption of arithmetic 
gene action is a somewhat closer approximation to the facts than is 
the assumption of geometric gene action. However, as will be shown 
later, either type of gene action leads to essentially the same con- 
clusions regarding the most efficient number of lines to produce a 
synthetic. 

THE MOST EFFICIENT NUMBER OF INBRED LINES TO BE INCLUDED 
' IN A SYNTHETIC VARIETY 

Yield data for the 10 inbred lines and the possible single crosses 
Vv^ere used to calculate theoretical yields of synthetic, varieties in- 
volving from 2 to 10 inbred lines. For use in these calculations the 
lines were arranged in order of descending mean-combination ability 
as based on single cross yields. The mean-combining ability in bushels 
per acre for these 10 lines was as follows: B2, 87.4; 38-11, 86,5 ; K159, 
86.3; Oh 07, 83.9; WF9, 81.6; R46, 80.3; Oh 04, 75.7; Hy, 75.5; WV7, 
73.5; and CL14, 68.1. 

Two sets of yields were calculated, one assuming arithmetic gene- 
action and the other geometric gene action. The calculated yield of 
the synthetic involving the two highest combining inbreds, B2 and 
38-11, was based on the actual yield of the single cross and the paren- 
tal inbreds. The calculated yield of the three-line synthetic involved 
the mean of all possible single crosses among the three highest com- 
bining inbreds, B2, 38-11, and K159, and the yield of the parental 
inbreds. The other calculated yields were obtained in a similar man- 
ner. The results are presented in Table 4. These data indicate with 
the material used in this study that five or six lines were most effi- 
cient under the assumption of arithmetic gene action and six lines 
most efficient when geometric gene action was assumed. 

Table ^.—Calculated acre yields of the F2 generation of synthetic varieties, assuming 
additive and geometric gene action with different 7tumbers oj component lines. 


Yield in bushels per acre 


Hues involved 

Fi mean 

P 2 mean 
arithmetic 

F 2 mean 
geometric 

2 

97-9 

65-3 

56.1 

■.3- ■ 

934 

76.1 

68.7 

' ' ■ ■ 4 ■ ■ ' 

93-8 

79.3 

73 U 

■5" 

91,6 

80.2 

74-7 

6 

89.2 

S0.2 

75.8 

7 . 

86.7 

79.0 

74‘2 

8 

84.4 

77.9 

73-9 

9 

82.8 

77.0 

73-1 

10 

79-9 

74-7 

69.6 


It has been a common assumption when speculating on the number 
of lines to be included in a synthetic, that the F, mean yield would be 
a constant value, exceeding that of the open-pollinated variety by a 
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certain percentage. Thus, for each increase in the number of lines in 
the synthetic, the difference between the Galcitlated F2 and the Pi 
value is diminished. Therefore, the more parental lines involved, 
the liigher would be the yield of the I'esulting synthetic. 

TliivS assumption of a constant mean yield for all Fi combinations 
seems unwarranted. If any series of inbred lines is arranged in order 
of mean combining ability, the mean yield of all possible single crosses 
will be greater for the best two, three, or four lines than when a larger 
number of lines are involved. This is well illustrated by the data in 
T^de 4. ^ ^ . 

The cons€C|uences arising from these two concepts are presented 
graphical^ in Fig. i. The assumed Fi means were chosen partially 
for convenience but are in general agreement with data from single 
cross yield tests where comparisons could be made with open-polli- 
nated varieties. The mean yield of the inbred parents was assumed 
to be 40% of the open-pollinated variety for both sets of calculations. 
Under either concept the yield of advanced generation synthetic 
approaches the yield of the Fi mean as an asymptote. The implica- 
tions as to the most efficient number of lines to be used, however, 
differs greatly under the two conditions. In general, the most efficient 
number of lines to be included in a synthetic variety will vary with 
t:he range in combining ability among the inbreds availableus parents. 

synthetics FROM COMBINATIONS OF TOP CROSSES 

Mangelsdorf (6) has suggested that synthetic varieties produced 
by combining tested top crosses may be of value. It is possible to 
compare the theoretiiml performance of such synthetics with synthe- 
tics involving the same lines but combined as lines or single crosses. 
Yield data were available from the 1930 tests wirich involved all of the 
55 possible single, crosses among 1 1 inbred lines, top crosses involving 
these same 11 lines, and the top-cross parent variety, Four County 
White. No data were available on the yield of the inbred parents and 
a mean ydeld of 1 2 bushels per acre was assumed. The formula used for 
calculating yields of synthetics involving combinations of top crosses 

2iFTC + nV T (n^ - n) Pi + np ■ 1 Un 

~ — — — — where TC equals the mean 

: ^ 
yield of the top crosses involved and v equals the yield of the variety 
UvSed as top-cross parent. The results of these calculations are pre- 
sented in Table 3, 

The yield of the top-cross parent variety was 24.3 bushels per acre. 
The yiedds of individual single crosses ranged from 21,3 to 60.6 and 
the top crosses from 21.7 to 44,8 bushels per acre. On the basis of the 
calculated yields it appears possible to produce synthetics which 
will yield materially more than the parent variety. In this set of 
comparisons synthetics made up of lines or single crosses were con- 
sistently superior to those produced by combining top crosses with the 
exception of the 2dine synthetic. It should be emphasized, ho^vover, 
that the majority of the ii lines involved in these tests had been 
isolated from the parent variety. The difference between “single- 
cross’’ and “top-cross” synthetics would diminish as the single and 



YIELD II 



— f; meansCdescending) 

— — — F, MEAN (constant) 

F2 MEANS (BASED ON - 
descending F,) 

Fa MEANS CBASED ON 
CONSTANT Ft) 

OPEN POLLINATED 



4 - 

NUMBER 

LINES 


VARIETY. 

- I ^ J I 

6 a lo 

OF PARENTAL- 
INVOLVED 


Pig. I.— Contrast of two assumptions regarding Fj means and their effect on the 
most efficient number of parent lines to be combined in a synthetic. 
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Table 5 , — Theoreiical yields of synthetic varieties based on combinations of smde 
crosses and of top crosses. 


■ Nura- 

Acre yield in bushels 

ber of 



j 


lines in- 

ih 

Top cross 

mean calculated 

P 2 mean calculated 

■ volved 

! rnea,n 

mean 

from eornbination.s of 

from combinations of 




single crosses 

top crosses 

2 

60.6 

43-<> 

36.3 

40.7 

3 

57.9 

43*0 

42.6 

41.4 

■ 4 

53-6 

4U5 

43.2 

40.1 

5 

50.8 

40.9 

43.C 

39*3 

6 

49,0 

39.9 

42.9 

384 

7 ■■ 

474 

39.1 

42.3 

37*7 

8 

45*6 

37*8 

41.4 

36.6 

9 

44,0 

37.1 

404 

35*8 

10 

' 424 

37-c 

39*4 

354 

11 

40-5 

35*6 

37.9 1 

34*2 


top crosses approached equality in yield and a reversal might be 
obtained if the mean of the top-cross yields were the greater. 


SYNTHETICS FROM COMBINING LINES INBRED FOR ONLY ONE 
GENERATION 

It is possible to increase the yield level of a synthetic involving 
a given number of lines in two ways, namely, by (a) inci'easing the Fi 
mean yield, and (b) increasing the inbred mean yield. The latter 
appears the easier to accomplish. Jenkins (3) has presented data 
suggesting that inbred lines acquire their individuality as parents of 
top crosses very early in the inbreeding process and remain relatively 
stable tliereafter. First year selfed lines may yield 75% or more of 
the open-pollinated variety. Potentially high combining Si lines may 
he identified if they are top-crossed at the time of the first selfing. 
Synthetic varieties resulting from a combination of such Sds should 
possess a higher yield level than those resulting from combinations 
of more highly inbred and less vigorous lines of the same combining 
ability. Such a procedure for establishing synthetics with recurrent 
selection to maintain or possibly improve their yielding ability has 
been proposed by Jenkins (4). 

A comparison of the effect of inbred yield level on the yield level 
of the synthetic is presented in Fig. 2, Equal yields of the resulting 
single crosses have been assumed for each of the inbred yield levels 
chosen. No data are available to test the validity of this assumption 
that the crosses among vigorous lines with little inbreeding will eciual 
those among lines inbred for a longer period. The three yield ^ levels 
of the inbred lines were 25, 40, and 75% of the open-pollinated 
variety. The 25 and 40% levels would include most of the inbred lines 
now being used commercially and the 75% level was chosen to repre- 
sent superior Si lines. The calculated yields of synthetics from the 75% 
level are not only greater than for those involving lines of lower 
yield but, in addition, a smaller number of lines is required for great- 
est efficiency. 


YiELD IN PEFiCENT 



F, MEANS 

Fa MEANS (INBRED -75 %) ’" 
Fa MEANS (INBRED =4-0 %) 
Fa MEANS (INBRED -E5%) 
OPEN-POLLINATED VARIETY 


NUMBER OF PARENTAL LINES INVOLVED 

Pig. 2. -Effect of inbred mean yield on the yield of synthetic varieties. 
DISCUSSION 

In corn, synthetic varieties appear to have their greatest usefulness 
where (a) maintenance of inbreds is hazardous, (b) the farming public 
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is not educated to the value of double crosses, and (c) as convenient 
reservoirs of desirable gene combinations. The calculations presented 
here are applicable to only the first two of these conditions. Synthetic 
varieties of corn have not been used commercially to any appreciable 
extent. One reason for this may have been that the synthetics so 
far produced and tested have involved from 8 to 24 lines. Results 
presented here indicate that four to six lines is the optimum number 
for highest yield. 

The actual production of a synthetic offers little difficulties. In 
corn it can be produced most easily by bulk planting of equal quanti- 
ties of seed of the inbred lines, or of all possible single crosses among 
these lines, under conditions of isolation. When conditions permit, 
the second procedure would be most satisfactory. The same pro- 
cedures appear to be equally feasible with cross-pollinated horti- 
cultural or forage crops. It is probable in this field that synthetics 
will have their greatest usefulness. The use of tested Si lines appears 
to offer the greatest promise as components of a synthetic under 
c'onditions wffiere early testing is feasible. 

SUMMARY 

A comparison of observed Fa data and calculated P 2 values assum- 
ing arithmetic or geometric gene action indicates somewhat closer 
agreement between the observed values and those computed on the 
assumption of arithmetic gene action. Slight departures from either 
scheme of gmne action do not invalidate the conclusions regarding 
the most efficient number of lines constituting a synthetic variety. 

In general, the most efficient number of lines to be included in a 
synthetic will vary with the range in combining ability among the 
inl:>reils available as parents. On the basis of this study, four to six 
lines appeared to be the most efficient number. 

Synthetic varieties involving the same parental lines may be ex- 
pected to have a slightly higher yield level when combined directly 
than when combined as top crosses. 

No data are available which permit a comparison of single cross 
yields between vigorous lines with little inbreeding and the progeny 
of these lines when more highly inbred. If it should be established 
that the combining ability of such lines is essentially equal, then 
synthetic varieties produced by combining first generation selfed 
lines should be superior to those produced by combining more highly 
inbred but less vigorous lines. 
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GROWTH AHD DEVELOPMENT OF KENAF, HIBISCUS 
CANNABINUS L., WITH SPECIAL REFERENCE TO 
FIBER CONTENT OF THE STEMS^ ‘ 

Julian C. Crane and JuliAn B. Acuna^ 

W ITH the introdiietion of the kenaf plant, Hibiscus cannabinus 
L., into Cuba as a source of soft fiber for the manufacture of 
sug-ar bags and other related articles, the determination of the proper 
lime for harvesting in order to obtain the greatest amount of highest 
cfuality fiber per itnit of land was one of the problems encountered. 
Although the investigation reported here is of a preliminary nature, 
it offers a partial solution to the problem. 

REVIEW OF THE LITERATURE 

Dckkcr (2)*^ and Horst (5), working in Java with kenaf, reported 
that higher yields of liber were obtained if the plants were allowed 
to attain maturity than if they were cut and retted at some earlier 
stage. Horst, in ins study to determine the percentage of fiber in 
pkints haiwested at different growth stages and also the percentage 
of fiber ill “thic'k” as compared with “thin” stems, found that plants 
harvested too gnxm (07 days after planting), which “still had all 
their leaves ami were very full of vSap”, yielded 1,66 to 2% of fiber. 
Plants harvested at seed maturity, however, yielded 6,44%. He noted 
that the yicLl of high-quality fiber was between these two figures, 
probably at 4 or 4.5%. 

Horst found that the percentage of fiber from air-dried “thick” 
stalks of a particular variety wavS 18,5, whereas the percentage of air- 
driiid “slender” stalks was 33.9. He also reported that in another 
green variety^ the weight of the bark (which consisted of from 30 to 
$0% of fiber) constituted about a third of the weight of the stalk. 
Thus the fiber content of the dried stalks varied from 10 to 17%. 
By cutting the stalks into thirds in one experiment and into quarters 
in another, he found that although the lower part of the stem had 
the greatest amount of fiber, the middle part had the highest per- 
centage of fiber. He advanced the suggestion that the amount of 
liber increases in proportion to the square of the relative increase 
of the stem ; therefore, by increasing the height of the plants, a con- 
siderable increase in the yield of fiber will result. 

Van Gorkom (4) and Zegers Ryser (9) reported that, on the aver- 
age, green stems contain 1.5 to 2% fiber, whereas El Kilany (3) states 
that the ratio of fiber yield to green-crop weight is from 7 to 10%, 
Michotte (6) reports that in Central Asia this plant yielded between 
1 1 and 22% fiber of the dry weight of its stems. 

Boint contribution from the Office of Foreign Agricultural Relations, U. S. 
Dept, of Agriculture and the Cuban Agricultural Experiment Station, Havana, 
Cttba. This study was made possible by funds provided through the United States 
I liter- Departmental Committee on Cultural and Scientific Cooperation and 
funds from the Government of Cuba. Received for publication January 25, 1945. 

^Associate Agronomist, Office of Foreign Agricultural Relations, U. S. Dept, of 
Agriculture, and Head, Department of Botany, Cuban Agricultural Experiment 
Station, respectively. 

^Figures in parenthesis refer to “Literature Cited”, p. 358. 
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Popova (7), working in Russia, stated that the best time for har- 
vesting the kenaf plant was just previous to the time of flowering, 
during the most intense period of which, he noted, there was a marked 
decrease in the longitudinal growth rate of the stem. He found that 
Hibiscus cannabinus practically attained its maximum height just 
previous to flowering and that the rate of growth diminished when 
flowering began. As there was some difference of opinion as to the 
actual percentage of fiber in the stem and the proper time for harvest- 
ing kenaf, the following study was made under Cuban conditions in 
an effort to trace the development of fiber in the stem and associate 
this development with the various phases of plant growth throughout 
the life of the plant. 

EXPERIMENTAL METHODS 

This investigation was conducted on a Matanzas clay soil of rather poor 
fertility. The land was plowed and cross-plowed to a depth of 8 or 10 inches and 
then harrowed. Seed was planted on August 24 (it was later detemiined that 
planting at this time was from 3 to 4 months late for fiber planting), but it did 
not germinate until August 30 after a rain the previous day had made soil condi- 
tions favorable. Sixteen rows were planted 20 inches apart and the same number 
of rows were planted 8 inches apart. Seeds were sown rather thickly in the row 
but after the plants had reached a height of 8 to 10 inches they were thinned to a 
distance of approximately inches between plants. Shortly after germination, 
the plants in the 8-inch-row plot were yellow and showed signs of being starved 
for lack of nitrogen. This plot was totally abandoned and the plants later were 
found to be infested severely with nematodes. Approximately i month after 
germination and each week thereafter until seed maturity, two 5-foot sections 
of plants from the 20-inch row^s were selected at random and carefully dug. These 
plants were taken to the laboratory where the green weight of stems, leaves, and 
roots was obtained as well as measurements and moisture percentage of the stems. 
The stems were tied in bundles and dried in an oven for 2 or 3 days before being 
placed in a retting tank. It was found that if the plants were not dried consider- 
ably before submerging them in water, a much longer time for retting was re- 
quired. Retting generally took from To to 15 days, after which the fiber was 
stripped from the stems, washed thoroughly, and dried in an oven before weighing. 
The pith, or central woody cylinders, were also washed thoroughly and dried 
along with the fiber. 

RESULTS 

The rate of growth and the amount of rainfall throughout the experi- 
mental period are presented graphically in Fig. i . As is typical of all 
other plants when the rate of growth of kenaf is plotted against time, 
a sigmoid curve is obtained. The growth rate during the fonnative 
stages was slow but speeded up during the elongative period and final- 
ly decreased again during maturation. Kenaf is a rapid-growing plant 
in that the average stem elongation during some periods was over 
1 inch a day. These findings rather closely agree with those of Popova 
(7) in that the period of most rapid elongation occurred just previous 
to the time of intensive flowering and after this stage was reached 
the growth rate rapidly decreased. Rainfall appeared to be. adequate, 
but the dry period during the latter part of October and the first 
part of November probably hastened maturity. 

From the data presented in Table i the ratio of roots, stems, and 
leaves to one another is seen to have remained about the same 
throughout the season or until the leaves dropped the first part of 
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Fig. I. — Growth and development of kenaf planted on August 24. 


I,)ecern1')er. There was a gradual increase in the percentage of fiber 
in the steins from i .9% when the first samples were harvested to s*5% 
when practically all of the plants were in blossom. After this stage 
was reached there was no further increase in fiber content. 

These data are in close agreement with data presented by Horst (5), 
but so iiiT as percentage of fiber is concerned there is no advantage 
to be gained by delaying harvest beyond the period when all plants 
have started to blossom. With a progressive increase in fiber content 
from the date of the first sampling to the time when all plants were 
in flower, there was an accompanying decrease in moisture content 
from 87,9 to 72.9%. With the exception of 76.5% moisture in the 
stems of the samples harvested during a rain on November 17, the 
moisture remained at approximately 75% from the time the plants 
started to blossom until maturity. 

Fig. 2 shows, on a dry weight basis ^ the relative percentages of fiber, 
pith or central woody cylinder, and cortical tissue other than bast 
fiber (obtained by difference) throughout the development of the 
plant. There was an increase of 7% in the amount of fiber during the 
period from October 4 to November 3, while the amount of pith 
for the same period increased 15%. Both of these increases were made 
at the expense of a corresponding decrease in the percentage of 
nonfibrous, cortical tissues. Changes in the relative composition of 
the stem apparently reached their maximum about November 3 
and small variations in data following this sampling date are attri- 
buted to error in sampling and experimental technic. Data presented 
in Fig. 2 on the percentage of fiber in relation to the dry weight of 
the stem compare favorably with data reported by Horst (5) and Mi- 
chotte (6) . 

As indicated in Table 2, the quantity of fiber per plant gradually 
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Table i — Relative change-,' in root, stem, leaf, fiber, and moisture content as asso- 
ciate with age of Hibiscus cannabinus plants based on green -weight of the 

plmits. 


Date of 
sample 
and age 
of plant 


Oct. 4, 

35 days 
Oct. 13, 

44 days 
Oct. 20, 

51 days 
Oct. 27, 

58 days 
Nov. 3, 

65 days 
Nov. 10, 
72 days 


Nov. 17, 

79 days* 

Nov. 24, 

86 days 
Dec. 3, 

95 days 

Dec. 10, 
102 days 


Percentage of total plant 
weight 


Roots 


8.9 

9.4 

8.5 

7.0 

7.2 

6.7 

7.9 

7.9 

8.6 

11.71 


vS terns 


56.7 
58.4 
59.3 

59«6 

60.0 

59*5 

53.8 

60.0 

67.6 

67.7 


Leaves, 
flowers, seed| 
capsules 


33*5 

32.3 

32.4 

334 

32.7 

33 ‘7 

38.3 

32.0 

234t 

2 G. 5 t 


Fiber 
con- 
tent of 
stems, 


1.9 

2.7 

3*1 

4.6 

5.5 

5-5 

5.2 

54 

54 

5.6 


Mois- 
ture in 
stems, 
% 


87.9 

85.1 

82.2 
78.6 

75.1 

72.9 

76.5 

72.9 

73-7 

72.8 


Plant 

characteristics 


Normal and green 

Normal and green 

First blossoming 

2 % plants blossoming 

30% plants blossom- 
ing 

All plants blossoming; 
lower leaves drop- 
ping; stems turning 
yellow 

End of blossoming; 
many leaves drop- 
ped 

Stems yellow 

All leaves dropped; 
lower seed capsules 
mature 

Many seeds mature; 
6 to 8 seed capsules 
per plant 


^Samples were collected during a rain which introduced some error. 
tSeed capsules only. 

increased along with increases in plant height until November 10 
when all plants were in blossom. Likewise, there was a similar in- 
crease in the yield of fiber per acre. Although the fiber produced per 
plant was approximately the same at each sampling from November 

Table 2 --Average height of plant, yield of fiber per plant, and yield of fiber per acre 
from plants harvested at weekly intervals. 


Date of sampling 

Average height 
of plant, in. 

Fiber per plant, 
grams 

Yield per acre, 
lbs. 

Oct. 4. ...... . . . . . . , . .... 

28.2 

0.3 

138 

Oct. 13. 

38.3 

0.7 

328 

Oct. 20. 

437 

0.8 

472 

Oct. 27 

53-3 

1.4 . 1 

869 

Nov. 3. . . . . . . . ..... ... . . 

574 

1.8 ' , 1 

950 

Nov. 10. 

61. 1 

2.1' 1 

927 

Nov. 17 : 

62.G 

1.9 


Nov. 24 . 

62.5 1 

■ 2.1" . , 1 

95 d 

Dec. 3 

62.9 ■ 

2.2 : ■ 


Dec. 10. 

63.2 

1.9 

. 835 \ 
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Date of sampling 

Fig. 2. — Relative composition (dry weight basis) of kenaf stems harvested 
I month after germination and at weekly intervals thereafter until seed 
maturity. Sampling on November 17 was done during a rain. 

10 to December xo, the yield of fiber per acre varied somewhat. 
This variation, however, was due to the variability in plant stand. 
In thinning the plants after germination, an attempt was made to 
sptu'c the plants about inches apart in the row so that each sample 
would contain the same number of plants. Actually, however, the 
average distance between plants in the various samples ranged from 
K2 to 1.7 inches which in all probability caused the variation in yield. 

DISCUSSION AND CONCLUSIONS 

The authors wish to point out the fact that the yield of fiber data 
presented in Table 2 should not be considered as being representative 
of the yield which can be expected from this plant when planted and 
grown during the time of year best suited for its production. The 
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yields were very low for three reasons. First, the soil in which these 
plants were grown was of low fertility due to the way it had been 
cropped. For several years previous to this experiment, the land 
had produced two or three hay crops each year which resulted in the 
serious depletion of soil nutrients. Second, the soil was infested with 
nematodes to the extent that half of the experiment had to be 
abandoned. Although the plants on which data here reported were 
obtained suffered only mild attacks from nematodes, growth was 
nevertheless restricted to some extent by the effect of nematodes 
on the roots. Third, as mentioned previously, the plants were planted 
about 4 months too late for maximum yields of fiber per acre. 

As kenaf was a newly introduced plant in Cuba, little was known 
about its cultural requirements until the close of this season when 
the data of various experiments had been tabulated and analyzed. 
Observations have shown that for maximum fiber production per 
unit of land, planting should be done at the beginning of the rainy 
season which occurs in April or May. Planting at this time enables 
the plant to grow vegetatively to a height of lo to 12 feet by the 
latter part of September at which time flowering begins. As previously 
mentioned, planting for this experiment was done on August 24. 
Consequently, the plants had only about 6 weeks for vegetative 
elongation before flowering started. It is obvious, therefore, that 
much larger yields of fiber per unit of land can be obtained from this 
plant than the yields reported in Table 2. Experiments have also 
shown that planting for fiber should be in rows closer than 20 inches, 
the distance used in this experiment. By narrowing the distance be- 
tween rows, greater yields of fiber would be obtained than is reported 
in this paper. 

The question might be asked as to why Horst (5) obtained between 
1.66 and 2% fiber from plants which were harvested 97 days after 
planting, while plants of the same age in this investigation were 
practically mature and yielded 5.4% fiber. This is easily explained 
by the fact that kenaf is markedly responsive to length of day 
(photoperiodism) and at this latitude (about 23° N) flowering takes 
place about the first of October regardless of planting time during 
the rainy season. Although Horst has made no reference to day 
length nor time of planting, it must be assumed from the photo- 
periodic response of this plant that his plantings were made when the 
day length was sufficiently long to promote vegetative growth for 
a period of 4 months or more due to the fact that when the plants 
were 97 days old they “still had all their leaves and were very full of 
sap”. Therefore, the plants from which he derived his data were about 
half-way through their vegetative cycle, while plants of the same age 
reported in this investigation had flowered and matured seed due 
to the shorter days of September and October. Thus, by planting at a 
particular time during the rainy season, the plant has a corresponding 
number of days to complete its life cycle. For example, plantings 
made on the first of May have s months, or until the latter part of 
September, for vegetative growth, but those made on the first of 
July have only 3 months in which to grow vegetatively. All of the 
developmental stages that occur in early plantings are present in 
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later plantings, but in the latter case these stages occur much more 
rapidly. 

It has been claimed that two, and as many as four, crops of fiber 
can be grown on the same land in one year. From data obtained in 
this investigation, however, it is doubtful that more than one crop 
can be grown on the same land in a year. As the percentage of fiber 
in the stem does not reach its maximum until flowering, harvesting 
the plants before that time would not be advisable. Although favor- 
able ^fields of fiber might be obtained by harvesting the plants before 
the flowering stage is reached, all evidence points to the fact that the 
highest quality fiber is obtained when the plants are in blossom. 
Investigations by Watt (8) and the Imperial Institute (i) both show 
that fiber haiwested during the flowering period is superior to fiber 
harvested either before or after flowering. 

Although quality tests were not made on the samples of fiber 
obtained in the Cuban experiments, certain characteristics of the fiber 
and its ease of separation fi‘om the pith were noted. With an increase 
in age of the plant there appeared to be an increase in coansetiess 
and a decrease in lustre of the fiber. With the first formation of seed 
capsules on the sterns, the fiber adhered to the pith more firmly than 
fiber in plants harxavsted earlier. The tendency of the fiber to adhere 
to the pith apiDarently increases with the age of the plant. This 
phenomenon, together with the decrease in moisture percentage of 
the stems, might explain why it was practically impossible to decorti- 
cate, in henequeii decorticating machinery, kenaf plants that had 
mached the seed-pod stage, while plants which had not reached the 
stage of seed pod development were decorticated satisfactorily. 

SUMMARY / ; 

111 order to trace tire development of fiber in kenaf stems, observa- 
tions were made at the Guban Agricultural Experiment Station with 
respect to the percentage of various component plant parts in addition 
to moiphological appearance of the plants. 

Data were collected periodically throughout the life cycle of the 
plant and the results are expressed in tables and graphs. Develop-^ 
mental changes in the vaiious characters from week to week, as well 
as their interrelationships, are discussed. 

The conclusion reached is that kenaf for fiber should be harvested 
during the flowering, stage in order to obtain best results as far as 
yield and separation of the fiber from the stem is concerned. 
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BORON SUPPLY IN RELATION TO CARBOHYDRATE 
, METABOLISM AND DISTRIBUTION IN THE RADISH^ 

P. N. Scripture and J. S. McHargue^ 

P REVIOUS work by the authors and others (4, 6)'^ has shown 
that normal carbohydrate metabolism in the growing plant is 
contingent on the presence of adequate supplies of available boron 
in the growth substrate. The experiment described in this paper 
was planned to study the effect of various levels of boron fertiliza- 
tion on the distribution of carbohydrates in the tops and bulbs of 
the radish plant. 

PLAN OF THE EXPERIMENT 

Radishes of the Early Scarlet Globe variety were grown in sand culture in 
the greenhouse, using the continuous drip technic devised by Shive and Robbins 
(5) for application of the nutrient solution. Two-gallon glazed earthen jars were 
filled to within i inch of the top with purified sand and 10 radish seeds planted in 
each. The continuous drip apparatus was set up and the sand kept moist with 
distilled water until the seeds germinated and the first true leaves began to fonn. 
At this time the plants were thinned until five seedlings of uniform size and vigor 
remained in each culture and the application of nutrient solution was started. 

The nutrient solution used was the same as that described in a previous paper 
(3). Boron was supplied to the nutrient solution as boric acid at the following 
rates: 


Culture No. Boron added to nutrient solution, p.p.m. 

I and 2 0.00 

3 and 4 0.25 

5 and 6 0.50 

7 and 8 i .oo 

9 and 10 5.00 

Each culture received approximately i ,000 cc of the nutrient solution each 24 
hours and ail cultures were flushed out with distilled water twice each week. 

Symptoms of boron deficiency appeared in cultures i and 2, 17 days after plant- 
ing the seed. The first symptom was the appearance of an abnormally dark 
green color in the surface of the newly formed terminal leaves. This symptom 
was followed by a roughening of the leaf surface and a tendency of the edges of 
the leaf to curl in toward the center of the leaf. 

A slight browning of the edge of the oldest leaves of the plants receiving 5.00 
p.p.m. of boron indicated a boi'on toxicity. This was not sufficiently serious to 
cause the death of the plants. 

SAMPLING 

The plants were harvested 25 days* after planting. All five plants from each 
culture were combined to form a sample. All plants except those not receiving 
boron had formed normal bulbs. The bulbs of the “no boron” plants were small 
and the surfaces were badly cracked and roughened. The plants were washed with 
distilled water to remove sand and wiped to remove excess moisture. The tops 
and bulbs were then separated and the tops cut into small pieces, placed in weighed 
Erlenmeyer flasks, weighed, and then treated with boiling 95% ethyl alcohol. 
Subsequent extractions with 80% alcohol were made as described in a previous 
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publication (3). The bulbs were sliced into thin sections, weighed, and then treated 
with 95% alcohol and extracted with 80% alcohol in the same manner as the tops. 


CHEMICAL ANALYSIS OF ALCOHOLIC EXTRACTS 

Direct reducing sugars and total reducing sugars after hydrolysis with in- 
vertase were determined on all the extracts. Methods of analysis used were essen- 
tially the same as those outlined by Phillips and Smith (i) and Phillips (2), 


CHEMICAL ANALYSIS OF ALCOHOL-INSOLUBLE PORTIONS 

Reducing sugars after hydrolysis of a portion of the residue with PI2SO4, ac- 
cording to the procedure of Phillips and Smith (i), were determined on all samples. 

RESULTS 

The yields of fresh plant material are presented in Table i. 


Table i. — Yield in grams of fresh plant material. 


Boron 
added in 
p.p.m. 

Tops 

Bulbs 

Yield per 
culture 

Mean of 
duplicates 

Yield per 
eultiire 

Mean of 
duplicates 

0.00 

1 1 .02 

12.19 

3.60 

3.50 

13-36 

3.40 

0.25 

29.32 

30.44 

23,90 

23.35 

31-56 

22,80 

0.50 

: 30.10 

32.09 

18.2 s 

22.55 

1 ' 34 ‘ 09 :'' 

'26.85 

I.DO 

23.60 

[: ■ ,'■25.75 : 
r 

18.75 

17.60 

' ■ 

27.90 ■ 

16.45 

5.00 

28.90 

28-45 

20.62 

21.51 

28.00 

22.40 


The results for direct reducing sugars present in the alcohol ex- 
tracts appear in Table 2 . The figures reported are in percentage of 
the fresh plant tissue. 

In Table 3, additional reducing sugars found in the alcohol ex- 
tracts after hydrolysis with invertase are reported. The results are 
in percentages of the fresh plant tissue. 

Although reducing sugars found after invertase hydrolysis probably 
were derived from sucrose, this sugar was not identified positively 
by the analytical procedme used. Carbohydrates other than sucrose 
that are hydrolized by invertase are not usually present in plant 
tissue in significant amounts, if at all. 
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Table 2. — Percentage of direct reducing sugars found in alcohol extracts. : . 


Boron 
added in 
p.p.m. 

Tops 

Bulbs 

Of 

/() 

sugars 

Mean of dupli- 
cate cultures 

% 

sugars 

Mean of dupli- 
cate cultures 

0.00 

0.768 

0.599 ; 

0.363 

0.380 

0,430 

0.397 

0.25 

0.129 

o.i ri 

1.695 

1 .682 

0.093 

1.670 

0.50 

0,093 

0.086 

1.672 

1.756 

0.079 

1,840 

1 .00 

0.077 

0.076 

3-136 

3.216 

0.075 

3.295 

5.00 

0.092 

0.080 

1.786 

1.7B6 

0.069 

* 


^Extract accidentally lost. 


Table 3. — Additional reducing sugars found in alcohol extracts after invertase 

hydrolysis. 


Boron 
added in 
p.p.nu 

1 Tops 

!■ ■ ■ . . 

Bulbs 

% 

sugars 

Mean of dupli- 
cate cultures 

% 

sugars 

Mean of dupli- 
cate cultures 

0.00 

0.312 

0.215 

0.264 

1. 102 
1.677 

1.390 

0.25 

0.088 

0.072 

0.080 

0.381 

0.308 

0.344 

0,50 

0.089 

0.072 

0.080 

0.444 

0.259 

0.352 

1.00 

0.063 

0.057 

0.060 

0.464 

0.483 

0.474 

5.00 

0.070 

0.048 

0.059 

0.269 

■ . 

0.269 


♦Extract accidentally lost. 


In Table 4, the reducing sugars found after hydrolysis of the 
alcohol-insoluble residue with normal HsS 04 are reported. The figures 
are percentages of the fresh plant tissue. 

Though no particular group of compounds is identified by this 
procedure, the results do give some information in regard to the 
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amounts of the storage forms of carbohydrates present. The results, 
without doubt, include starches if they are present and some of the 
other less resistant polysaccharides. 


Table 4 . — Reducing sugars found after acid hydrolysis of alcohol-insoluble residue* 


Boron 
added in 
p.p.m. 

Tops 

Bulbs 

% 

sugars 

Mean of dupH* 
cate cultures 

% 

sugars 

Mean of dupli- 
cate cultures 

0.00 

0.161 

0,144 

0.133 

0.204 

0.126 

0,276 

0.25 

0.136 

0.106 

0.080 i 

0.082 

0.076 

0.083 

0.50 

0.082 

0.080 

0.087 

0.075 

0.079 

0.063 

1. 00 

0.045 

0.056 

0.080 

0.091 

0.067 

1 0.102 

5.00 

0.086 

0.074 

0.100 

0.091 

1 0.062 

0.082 


DISCUSSION 

An examination of the yield data presented m Table i indicates 
that, under the conditions of this experiment, a concentration of 
somewhere in the range of 0,25 to 0.50 p.p.m. of boron in the nutrient 
solution as measured by yield of tops and roots is optimum for radish 
production. As mentioned previously, 5.0 p.p.m. were slightly toxic 
and reduced the fresh weight of tops and bulbs produced to a small 
though not significant degree. No noticeable difference in quality of 
the bulbs was evident in any of the cultures receiving boron, regard- 
less of the amount. 

The data presented in Tables 2, 3, and 4 indicate that the metabo- 
lism and distribution of carbohydrates is significantly altered by a 
deficiency of boron. Direct reducing sugars, sugars hydrolized by 
invertase, and alcohol-insoluble carbohydrates hydrolized by normal 
H2SO4 WCTe found present in excessive amounts in the tops of plants 
grown without added boron. The amount of boron added appeared 
to have little effect on these constituents as long as enough was 
present for normal growth. 

^ The radish bulbs that were grown under boron-deficient condi- 
tions contained excessive amounts of sugars hydrolized by invertase 
and alcohol-insoluble, acid-hydrolizable carbohydrate, but they con- 
tained less direct reducing sugars than did the plants receiving boron 
in the nutrient solution. Apparently the radish growing under normal 
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conditions aecumiilates carbohydrate in the form of direct reducing 
sugars. 

From these results it seems that boron must be functional in the 
nietabolivsm and translocation of carbohydrates. Whether this func- 
tion is direct or indirect through its effect on nitrogen metabolism 
cannot be determined with the information at hand. 

SUMMARY 

r. Radishes wei*e grown in sand culture with boron supplied to the 
nutrient solution at the rate of 0.00, 0.25, 0.50, i.oo, and 5.00 p.p.m, 

2. Yields of the radishes were determined and the tops and bulbs 
analyzed separately for soluble and insoluble carbohydrates. A con- 
centration of 0.25 to 0.50 p.p.m, of boron in the nutrient solution 
appeared to be optimum for the radish. 

3. A deficiency of boron was found to cause an accumulation of 
direct reducing sugars, sugars hydrolized by invertase, and alcohol- 
insoluble acid-hydrolizable carbohydrates in the tops, and an accu- 
mulation of sugars hydrolized by invertase and alcohol-insoluble 
acid-hydrolizable carbohydrates in the bulbs. Direct reducing sugars 
were found to be lower in the bulbs of the boron-deficient plants 
than in those receiving the required amounts of this element. 

4. From these results it seems that boron must be functional in 
the metabolism and translocation of carbohydrates. 
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NATURAL CROSSING IN SUDAN GRASS’ 

R. J. Garber and S. S. Atwood* 

T he extent of natural crossing within a plant species is of direct 
importance in developing effective breeding methods. Such in- 
formation about Sudan grass, Sorghum mlgare var. sudanense (Piper) 
Hitchc., is somewhat limited, although considerable data have 
been reported on other cultivated varieties of the species 5 . vulgare. 
The earlier literature has been reviewed by Hayes and Garber,* In 
most cases the natural crosses observed among sorghums were less 
than io%. 

In studies at Madison, Wis., Hogg and Ahlgren"* used a recessiye 
glossy leaf character to determine the extent of natural crossing in 
Sudan grass. The 870 plants involved were grown in alternate rows 
and open-pollinated seed was harvested from the plants possessing 
the recessive character. Counts made on the seedlings from the several 
rows showed 4.8, 5, 9.4, 4-Si 8.2, 3, 7.6, 6.6, 10, and 7.7% plants 
with the dominant character. The mean percentage was 6.7. 

The presence of tan and red® pigmented selfed strains of Sudan 
grass in the breeding ntusery at State College, Pa., together with the 
fact that tan behaves as a simple recessive to red in inheritance® pro- 
vided an opportunity to determine the extent of natural crossing. 

MATERIAL AND METHODS 

The strains of Sudan grass used in this investigation had been selfed from 2 to 4 
years after their introduction into the local nursery, and some of them were intro- 
duced as selfed strains. All of the tan-pigmented strains came from material 
descendant from crosses between Leoti sorghum and Sudan grass made and 
furnished by the courtesy of R. E. Karper and J. R, Quinby of the Texas Agri- 
cultural Experiment Station. The 12 red-pigniented strains came from various 
soux'ces, but the known lineage of 7 of them goes back to the same material of 
hybrid origin supplied by the Texas Station. 

The general plan of procedure was to grow tan- and red-pigmented strains of 
approximately the same "heading date" and harvest seed of the recessiye tan 
plants for making a determination of the number of crosses with red plants. It is 
possible to distinguish between red and tan seedlings of most strains, but since it 

^Contribution No. 72, U. S. Regional Pasture Research Laboratory, Division 
of Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural 
Engmeering, Agricultui*al Research Administration, U. S. Dept, of Agriculture, 
State College, Pa., in cooperation with the northeastern states. Received for 
publication January 29, 1945. 

^Director and formerly Associate Agronomist, respectively. The latter is now 
Assistant Professor of Plant Breeding, Cornell University, Ithaca, N. Y. 

J'Hayes, H. K., and Garber, R. J. Breeding Crop Plants, New York: McGraw- 
Hill Book Co., Inc. Ed. 2. 1927. 

^Hogg, P, G., and Ahlgren, H. L. Environmental, breeding, and inheritance 
studies of hydrocyanic acid in Sorghum vulgare var. sudanense. Jour. Agr. Res 
67 :i 95 “ 2 IO. X943. 

®No effort was made to distinguish between black-or-straw glume color (black- 
ish-purple plant color) and red glume color (red plant color) or between chocolate 
glume (tan plant color) and sienna glume (tan plant color), but all plants were 
classified on the basis of color of leaf "spots^’ as reported earlier by Garber and 
Chilton (footnote 6). The basis of color classification might be more accurately 
described as tan and nontan. 

®Garbe:r,^R, j. and Chiltoj^, S. J. P. The occurrence and inheritance of 
certain leaf spots in Sudan grass. Jour. Amer. Soc. Agron., 34:597— 606. 1942. 
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is easier to make the distinction after the plants have attained considerable 
growth all the determinations reported here w^ere made in the nursery when the 
plants had reached the “boot'* stage of development. 

A small quantity of seed was collected in the nursery in 1941 for some pre- 
liminary observations and seed for the 1942 and 1943 tests came from crossing 
blocks. The 1941 strain numbers are used throughout because seed for the crossing 
blocks came from the 1941 nursery. Since the details of procedure varied some- 
what in the different years, it will be more convenient to present them in connec- 
tion with the discussion of results. 

RESULTS 

1941/ 

By chance a red and a tan strain with approximately the vSame 
pollination period occurred in adjacent rows in two locations in the 
Sudan grass nursery in 1941. The adjacent rows were 5 feet long and 
30 inches apart with about 20 plants spaced along each row. Toward 
the latter part of the pollination period panicles about ready to 
dehis('e were bagged in pairs, one from a red with one from a tan 
plant. Owing to a storm and other natural hazards only a few bagged 
seeds fi'om one of the tan strains were obtained. However, a single 
open-pollinated panicle was harvested from each of the two tan 
strains. 

Of 183 progeny from a tan panicle (strain 297) bagged with a red 
one (strain 296), iii, or 60,7%, proved to be red. Seed from the 
open-pollinated panicle of the same tan strain produced 31 plants 
of which 24, or 77.4%, were red. The other tan strain (358) occurred 
adjacent to one (357) segregating for color, approximately three- 
fourths of the plants being red. From an open-pollinated panicle 
of this tan strain, 41 plants were obtained of which 31, or 75.6%, 
proved to be red. These data, although very meager, indicated that 
the incidence of natural crossing in this material was high. 

■1942 

Tan and red strains were grown in close proximity in a partly 
isolated crossing block in 1942. An attempt was made to alternate 
tan and red plants with similar maturity dates at intervals of about 
I, foot along a single 18-foot row. Owing to loss of stand, this arrange- 
ment was only approximated in the final stands. The rows containing 
the different paired strains were i foot apart. In all, five paired 
strains were planted but owing to an early frost adequate seed for a 
test was obtained from only two of them, 

The total number of progeny from the tan strains and the percent- 
age of red plants (percentage of crossing with red parents) are shown 
in the last two columns of Table i. The percentage crosses, 14.9 and 
27.8, are considerably less than were obtained previously. Out of a 
total of 676 progeny from tan plants, 123 , or 18.2%, were crossed with 
red plants. 

1943^ 

The 1943 crossing block was effectively isolated from other Sudan 
grass an d contained 14 strains again paired on the basis of plant 

^The authors are indebted to K. W. Brown and E. J. Dollinger for help in 
classifying the plants and analyzing the data. 
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Table i. — Natural crosses in a partly isolated block of sudan grass, ip42. 


Paired red and tan ' 

strains 

■ . 

Total progeny of tan 
strains 

Percentage crossed 
with red 

50, 27 

497 

14-9 

39. 76 

169 

' ' ' 27.8 ■ ■ ^ 

120,112 

10 

20.0 

Total. 

676 

18.2 


color and maturity dates. A tan strain was planted between two rows 
of the red strain with which it was paired. The rows were i8 feet long 
and 18 inches apart with loo seeds spaced along each row. The rows 
were planted approximately crosswise to the prevailing wind. At 
about weekly intervals during the flowering period different colored 
tags to designate different maturity dates were fastened to flowering 
tan panicles that at the time were well suiTOunded with similarly 
flowering red panicles. Progeny tests of tan seed from the foixr pol- 
lination periods were analyzed separately as indicated in Table 2. 


Table 2. — Natural crosses in an isolated block of sudan grass, IQ43. 


Paired red 
and tan 

Total number of progeny tested and percentage 
crosses at various periods 

Mean 

strains 

Aug. 6 

Atxg. 12 

Aug. 19 

Aug. 26 


233. 95 

168 

196 

169 

144 



26.8. 

38.8 

19-5 

38.9 . 

31.0 

71, 65 

169 

170 

207 

151 



24.3 

37-0 

38.2 

56.3 

39.0 , 

93, 358 

208 

209 

213 

■ 98' 



22.6 

30.1 

51.6 

70.4 

43-7 

25, 62 

8.2* 

237 

22.8 

213 

16,4 

112 

39-3 

' 21*7 

302, 66 

218 

202 

203 

97 



16.0 

21,3 

31.0 

51.5 

30.0 

13, M 

32.5''' 

175 

46.8 

204 

48.0 

157 

56.7 

46,0 

Mean 

21.7 

j 32.8 

34-i 

52.2 

34.4 

136,59 




79 - 

17.7^ 



^Calculated. 


The analysis of variance of the progeny is shown in Table 3. The 
mean squares for pollination periods and for strains are both signifi-, 
cantly greater than for error, yielding respective P. values of 13.83 
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and 5-00 which are beyond the 1% level of signihcance. Under the 
conditions of this experiment the incidence of natural crossing in- 
creased during the flowering period and differed significantly between 
strains. Of the 3,999 plants grown from the 1943 crossing block, 1,374, 
or 34.4%, were red. 

Climatological data collected at State College, Pa., for Au^st 
1943 did not reveal any striking departures from normal conditions 
that might be associated with incidence of natural crossing. The 
rainfall, which was well distributed, totaled 3.08 inches for the month, 
a departure of "“0.4 inch based on a 59-year average. There were 8 
clear days, 13 partly cloudy, and 10 cloudy. The highest tempera- 
tines occurred around the 12th and the lowest temperatures 
around the 19th of the month. The mean temperature for August was 
70.5°, a departure of +1.7° from the norm. 

REvSULTS IN TEXAS 

The authors are indebted to R. E. Karper, and J. R. Quinby, 
agronomists of the Texas Agricultural Experiment Station, for the 
following unpublished data, transmitted in a recent letter: ‘‘Our 
material was progeny rows of Leoti-sudan crosses of similar parentage 
as yours. In 1942 we had progeny rows planted from open-pollinated 
seed in which the outcrosses were harvested separately and recorded. 
The stock was juicy and had sienna glume, so that the outcrosses 
were identified either by their pithy stem or by having some glume 
color other than sienna. Each of nine progeny rows showed the 
following percentages of cross pollinations: 50, 70, 30, 72, 43, 60, 15, 
30, 40, respectively. Eleven other progeny rows showed the following 
percentages: 7, 37» 47r 43, 5o»T7, 20, 40, 20, 23, 37. The average in 
the first case was 46% and in the second set of progeny rows it was 
31%; the maximum in one row was 72%, very close to the 76% maxi- 
mum which you obtained.*’ 


Table 3 . — Analysis of variance of incidence of natural crosses in sudan grass with 
respect to selfed strains a 7 td pollination periods. 


Source of variation 

Degrees of 
freedom 

Sums of 
squares 

Mean 

squares 

F- 

Total....,...,, .. 

21 

3 

A " 

5478.86 

2860.31 

1722.62 

895-93 



Pollination periods . ... 
Strains. 

95344 

344-52 

68.92 

13-83** 

5.00** 

Error. 

13 


♦♦Beyond the \% level of significance. 


SUMMARY AND CONCLUSIONS 

Data collected over a period of 3 years are presented that indicate 
the incidence of natural crossing among the particular selfed strains 
of ^dan grass under observation at State College, Pa., was highly 
variable. Significant differences were found with respect to strain 
and season._ The fact that all the tan strains tested had a common 
hybrid origin (Leoti sorghtim X sudan grass) may in part explain 
the generally higher incidence of natural crossing than reported else- 
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where. Owing to the limited selfed seed, identical tan strains were 
not tested in different years except in one instance- Strain 358 which 
showed the highest incidence of crossing (70.4) in 1943 (Table 2, 
August 26) showed 75.6% in 1941. The average percentages of 
crosses between tan and red plants grown near one another as meas- 
ured by progeny of the tan plants were for the years 1941, 1942, and 
1943, 76.4, 18.2, and 34.4, respectively. 

The results reported here, as well as those reported from the 
Texas Agricultural Experiment Station, indicated that the incidence 
of natural crossing was significantly greater in this material than 
has been reported for sorghum. This suggests that in seeking to 
develop improved strains by breeding, hybrid vigor may be more 
readily utilized in the commercial variety of sudan grass than in that 
of sorghum. 
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A COMPARATIVE STUDY OF METHODS FOR 
DETERMINING YIELDS OF KENTUCKY BLUEGRASS 
AND WHITE CLOVER WHEN GROWN IN ASSOCIATION^ 

V. G, Sprague AND W. M. Myers^ 

I N A field plot experiment designed to measure the relative yields 
of 15. strains of Kentucky bluegrass when grown in association 
with white clover and simultaneously to study the effects of different 
grass strains, clipping treatments, and environmental factors upon 
the incidence of white clover, it was necessary to determine accurately 
the amount of clover and of Kentucky bluegrass growing on each plot. 
The point quadrat devised by Levy and Madden (4)'** and modified 
by Tinney, Aamodt, and Ahlgren (7) has been used extensively for 
this purpose. However, Arny and Schmid (i) reported that with 
certain plant associations the results "obtained from the inclined 
point quadrat were not the same as those obtained from botanical 
separations of associated species. Drew (2) has shown with studies 
on a lespedeza-panicum association a close agreement between the 
average of 20 inclined point quadrat determinations and the average 
of a similar number of weight analyses of herbage clipped at ground 
level from the same areas. Preliminary results obtained in our experi- 
ments seemed to agree with Arny and Schmid (i). Therefore, it was 
desired to check the accuracy of the point quadrat method before 
extensive use of it was made in the experiment being conducted. 

An accurate measure of botanical composition would be obtained 
by separating the several species in the herbage clipped from the 
entire plot. Separation is, however, a laborious and time-consuming 
procedure especially when large samples are involved. Herbage 
harvested with a lawn mower is particulaiiy difficult to separate, 
yet the lawn mower provides a simple and easy method for harvest- 
ing yield samples from plots of Kentucky bluegrass. To reduce the 
amount of herbage to be Separated and to overcome the difficulties 
of handling lawn mower clippings, a method of sampling for botani- 
cal composition using grass shears was employed. 

This paper reports the results of sampling studies to determine 
the size of sample required to estimate accurately the botanical 
composition of the plot. A comparison of the separation method with 
the point quadrat method also has been made. 

MATERIAL AND METHODS 

For use in this experiment, 13 strains of Kentucky bluegrass were selected 
from those previously reported by Myers and Garber (5). In addition, two com-' 
mercial seed lots were included as checks. Two clipping treatments were used. 
For one treatment (from which all the data here reported were obtained), the 

^Contribution No. 70, U. S. Regional Pasture Research Laboratory, Division 
of Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Agricultural Research Administration, XJ. S. Dept, of Agriculture, 
State College, Pa., in cooperation with the northeastern states. Part of this paper 
was presented at the annual meeting of the Society in St. Louis, Mo., November 
12, X942. Received for publication January 29, 1945. 

^Agronomist and Geneticist, respectively. 

^Figures in parenthesis refer to ‘'Literature cited", p. 377. 
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plots were clipped with a reel- type inower to i inch thronghout the season, while 
in the other, the clipping height was j4 inch during the spring and early stuiimer 
and I inch after July i. All plots in each treatment w^ere clipped when the height 
of herbage ranged from 4 to 5 inches.^ ' ^ 

A split plot design with four replications was used, the clipping treatments 
being the main plots and the grass strains the sub-plots. Each sub-plot was 3 feet 
wide and 9 feet long. The plots were seeded in the fall of 1940 and at that time a 
uniform seeding of white clover was made over the entire area. The clover seeding 
was repeated in the spring of 1941. Because of the unfavorable winter and dry 
summer of 1941, little clover appeared in these plots until fall. The clover dis- 
tribution was very uneven in the spring of 1942, but the proportion of clover in- 
creased rapidly during the summer, and with this increase, the distribution be- 
came progressively more uniform. All plots were clipped uniformly several times 
during 1941 and no yields were taken. 

Differential clipping treatments were started in the spring of 1942. For the 
sampling study reported in this paper, only the plots clipped at i inch throughout 
the season were used. For estimating the botanical composition of the herbage 
removed, each plot was .sampled with grass shears by clipping three narrow strips, 
each about 2 inches wide parallel to the long axis of the plot. To locate these 
strips, the yield strip (a swath the width of the power lawn mower) was divided 
longitudinally by estimation into three parts and one sample wais taken at random 
within each part. As a guide for cutting the sample strips, a string was stretched 
through the 'plot for each sample. At the first cutting date, the entire strip was 
dipped in each case. Since this provided a larger sample than was desired, samples 
approximately one-half as large were obtained at the last three dates by alternate 
cutting and skipping approximately 4- inch lengths along the sample strip. 

The fresh samples were separated in the laboratory into Kentucky bluegrass, 
white clover, and other species (mostly weeds), the samples were dried, and all 
weights were recorded as oven-dry material. The percentage of weeds was negligi- 
ble in these plots. All data reported in this paper deal with percentages of white 
clover. 

Data were taken with the inclined point quadrat the day before the dipping 
of June 23 and 3 days before the clipping of October 19. In each plot, readings 
were taken at three stations with 10 needles per station. The plots were divided 
by estimation into three parts and location of the station in each part of the plot 
was at random. All of the vegetative hits by each needle until it reached the 
ground or went out of sight were recorded and the proportion of clover was con- 
sidered to be the percentage of the vegetative hits that were clover. 

EXPERIMENTAL RESULTS 

The analysis of variance of the percentage of white clover based 
upon species separation is summarized in Table i for the four clipping 
dates. It may be seen that the error variance was higher for July 21 
than for June 23, while that for vSeptember 3 and especially October 19 
is lower than for the other cutting dates, A similar relationship exists 
for the variance within plots, i.e., for the sampling variance. There 
was a considerable increase in amount of white clover throughout 
the season from June 23 to October 19. Also, the sample was larger 
in relation to yield of the plot in the first clipping than in the latter 
three. Ordinarily one would expect an increased error variance with 
an increased mean and smaller samples. Instead, the variance de- 
creased on September 3 and still more at the last cutting date. This 
probably resulted from the greater uniformity of the clover stand 
as the amount of clover increased. 

The relationship of the error inean square to the variance within 
plots is of primary importance in determining the accuracy of the 
sampling method. It may be seen (Table i) that the F values for this 
comparison are approximately the same for the several dates of clip- 
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ping, despite the fact that the samples were relatively almost twice 
as great at the first date as on July 2 1 and September 3 . This indicates 
that there was less variation within plots at the latter two dates, 
probably as a result of the increased uniformity of the clover stand 
mentioned previously. 


Table i.— Analysis of variance of the percentage of white clover^ and the mean 
percentage of clover as measured by botanical separation, and the relative size 
of sample used for the four dates of clip^ng. 


ALiriance 
due to 

D/p 

Dates of clipping 

1 

June 23, 1942 

• ‘I 

July 21, 1942 1 

Sept. 3, 1942 

Oct. 19, 1942 

Mean 

square 


Mean 

square 

F 

Mean i 
square ! 

1 

F 

Mean 

square 

F 

Blocks 

Strains ..... 

EiTor 

Within plots 

3 

14 i 
42 
120 

1,094.0 

614.1 

239.8 

26.4 

2.56* 

9.08** 

1,309.8 

974«3 

314.2 

34.2 

3.10** 

9.19** 

I.II4-3 

454-8 

1 204.8 

1 25-0 

2.22* 

8.18** 

599-9 

213-9 

474 

15.1 

3.14** 

Mean percentage 
of clover ....... 

Size of sample in 
percentage of 
yield of the plot 

17.1 

20.7 

29.6 

" 12.4 ^ ' 

57-I 

T2.4 

68.3 

16.2 


^Exceeds S% point. 
**‘*Exceeds i% point. 


It has been pointed out by Immer (3) and others that the error 
mean square consists of two parts, w., (a) the sampling variance, 
i.e., variance within plots, and (b) the true variance between plots 
within replications. This relationship as expressed by the equation 



+ q 

Nn 


where K = the variance of the mean for error; p — the estimated 
true variance between plots within replications, i.e., in this trial, the 
error mean square minus q/3; q = the sampling variance, i.e., the 
variance within plots; n - number of samples per plot; N = number 
of replications. 

It is apparent from the data in Table i that at all clipping dates 
the value of p was relatively great compared with q. Since only the 
sampling error q is reduced by increased numbers of samples while 
lx)th p and q are reduced by increased replication, relatively little 
increased precision may be expected in this material by taking more 
samples while considerable reduction of experimental error can be 
obtained by increased replication. This is illustrated in Table 2 in 
which K has been calculated for three, four, and five replications 
with various numbers of samples. Thus a single sample per plot with 
four replications provides greater precision than 10 samples with 
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three replications. It may be concluded from these results that the 
method of sampling used provides a relatively accurate measure of 
the percentage of clover in each plot, even when only a single sample 
is taken. 

From the analysis of variance of the point quadrat data (Table 3) 
for June 23, an error mean square of 156.3 was obtained as compared 
with the error variance of 239.8 obtained from the separation analysis, 
whereas on October 19 the respective variances were 144.8 and 47.4. 
The variance between stations within plots on June 23 was 71.5 
for the point quadrat compared with the sampling variance of 26.4 
for the separations’, and on October 19 it was 129.8 for the point 
quadrat compared to 15.1 for the separations. These results indicate 
that increased numbers of samples per plot will be more effective 

Table 2. — Vahies of K (variafice of the mean for error) for percentage of white 
clover expected from the use of the indicated numbers of replications and samples 
for the clipping dates. 


Number of 

j 

Total 


Dates of clipping 


Repli- 
cates i 

1 

Sam- 

ples 

samples 





June 23, 1942 

July 21, 1942 

Sept. 3^ 1942 

Oct. 19, 1942 

3 

I 

3 

85.8 

112.3 

73-8 

19.2 

3 

5 

' 15 1 

78.8 

103.2 1 

67.2 

15.1 

3 

10 

30 

77-9 

102. 1 

66.3 

14.6 

4 

I 

4 

644 

84-3 

55-4 

144 

4 * 

3 * 

12* 

59 * 9 t 

78.6t 

5 I. 2 t 

u. 9 t 

4 

5 

20 

59*1 

77-4 

50.4 

11.4 

4 

10 

40 

584 

76.6 

49.8 

ri.o 

5 

I 

5 

51*5 

67.4 

1 44-3 

II -5 

5 

5 

25 

47-3 

61.9 

40.3 

9-1 

5 

10 

1 50 

1 46.7 

61.2 

39-8 

8.8 


^Number of replications and samples used in this experiment from which the other values of K 
were calculated. 

tValues of K obtained in these experiments; i.e., the error mean square (Table i) divided by 
number of replications. 

Table 3. — Analysis of variance of the percentage of white clover as measured by the 
pomt quadrat and botanical separation methods on June 23 and October ig, ig42. 


Variance 
due to 

D/P 

June 23 

Oct. 19 

Botanical 

separations 

Point 

quadrat 

i 

Botanical 

sepai'ations 

Point 

quadrat 

Strains . 

Error 

Within plots. 

14 

42 

120 

Mean square 

641.1 

239-8 

26.4 

347.1 

156.3 

71.5 

213.9 ■ 

i .47.4 . 

326,9 

144.8 

129.8 

Mean percentage of 
clover ............ 

— 

17.1 

10.2 

68.3 

49.8 




i 

i 
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in reducing experimental error with the point quadrat than in the 
case with the separations. 

Of greater importance for the present study than the relative samp- 
ling errors of the two methods is the question whether the point 
quadrat provides a reliable measiire of the contribution of white 
clover to the yield of the plot. This comparison is shown in Table 4. 
For all strains, the percentage of clover as measured by the point 
quadrat was lower than that determined by botanical separations. 
The average for all strains on June 23 was 10.2 compared with 17.1 
and on October 19 was 49.8 compared with 68.3. Furthermore, the 
differences were not the same for the various strains on either date. 
The greatest difference on June 23 was 13.05, while the least on that 
date was 2.66% of clover. On October 19, the greatest difference was 
26.0 while the least was 13.4%. The ratios of the values obtained by 
the two methods were not the same for all strains, the quotients 
of separation divided by point quadrat varying from 1.31 to 2.93 
on June 23 and from 1.25 to 1.68 on October 19. Such great fluctua- 
tions seem to preclude the possibility of adopting a generalized 
correction factor for converting the point quadrat data to the same 
basis as the botanical separations in this material, and particularly 
if the amount of clover on the plots is small. 

Such great differences between strains suggested a strain effect 
upon the accuracy of the point quadrat. However, an analysis of 
variance of the differences between the two methods failed to show a 


Table 4. — Percentage of clover per plot measured by the point quadrat and by 
botanical separation of June 23 and October ig^ ig42, for the ijstrains of grassJ 



June 23 

October 19 

Strain 

1 Method 


Separa- 

Method 


Separa- 

■ No. 



; Dif- 

tion di- 



Dif- 

tion di- 




: fer- 

vided by 



fer- 

vided by 


Separa- 

Point 

ence 

point 

Separa- 

Point 

ence 

point 


tion 

quadrat 


quadrat 

1 

tion 

quadrat 


quadrat 

.'...I ■ 

. . 23.2. 

10.2 

13.0 

2.27 

76.3 

51.0 

25‘3 

1.50 

■ 2- 

10.6 

4‘3 

6,3 

2.47 

65.1 

46.7 

18.4 

1-39 

3 

17.7 

1 11.4 

6-3 

N 55 

69.2 

47-9 

21.3 

1.44 

- 4 

15.9 

6.4 

9.5 

2.48 

70.9 

48.6 

22.3 

1.46 

.5.; 

13.0 

5 .S 

7.2 

2.24 

68.0 

47*7 

20.3 

1.42 

. ... -6 . ■: 

28.B 

20.3 

8.5 

1.42 

67.9 

53-<5 

14*3 

1.27 

■ .' 7 :- ' 

16.7 

12.7 

4.0 

1.31 

63.7 

50*1 

i 3 -d 

1.27 

8 

25.0 

12.0 

13-0 

2,08 

77-7 

61.5 

16,2 

1,26 

9 

14.6 

10,9 

; 3‘7 

1.34 

65.5 

45-5 

20.0 

1.44 

10 

28.2 

17.6 

1 10.6 

1 .60 

67.9 

53.8 

14.1 

1.26 

II 

12.0 

8.2 

3.8 

1 .46 

69.9 

47.8 

22,1 

1.46 

12 

24.4 

18.6 

5.8 


64.9 

51.5 

134 

1.26 

13 

8.2 ' 

2.8 

5-4 

2.93 

64.3 

I 38.3 

26.0 

[ 1.68 

14 

8.5 

5 .S 

2.7 

1.46 

63.9 

47-3 

16.6 

1-35 

15 

9.7 

5.8 


! 

69.5 

55*5 

14.0 

|. : 1 . 25 '.,^ 

Av, 

17.1 

10.2 

: 6.9. 

1.68 

68.3 

49.8 

18.5 

1-37 


of thre^samples^each methods are the averages of four replications 
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statistically significant Strain effect. The P value for strains/error 
was 1. 64 on June 23 and 0.43 on October 19. F for P of 0.05 with 
appropriate D /F was 1 . 9 7 . 

Records were kept of the relative time required for determining 
the amounts of clover by the two methods. Clipping one sample per 
plot, separating the same into grass, clover, and weeds and weighing 
each component required an average time of between 34 and 36 man- 
minutes per plot, whereas the time required to read three stations 
with the point quadi'at required an average of 18 man-minutes per 
plot. Thus to obtain comparable sampling errors, approximately 
twice as much time was required by the separation as by the point 
quadrat method. 

In an attempt further to reduce the amount of time required for the 
botanical separations a study was made of the accuracy of subsamp- 
ling the sample strip from the plot into quarters for separation rather 
than separating the entire sample. For this, three samples similar 
to those regularly taken for the botanical analysis were harvested 
from duplicate plots of seven different clones. These samples were 
taken to the laboratory, spread out evenly and uniformly on a large 
table, and divided into four approximately equal parts. Each part 
was separated into grass, clover, and weeds and then oven-dried. 
The percentage of clover of each subsample was calculated. This 
constituted the determination for a subsample only one-fourth the 
size of the sample taken from the plot. The, greatest difference in 
the percentage of white clover between subsamples obtained on any 
plot (four subsamples from each) was 5,95, while the least was 2.26. 
A statistical analysis of these data are presented in Table 5. 

Using the relationship, K = — between the variance within 

samples and the true variance between samples within plots, the 
relative effectiveness of increavsing the number of subsamples or of 
samples can be determined. Since in this case the value of p is relative- 
ly great compared with q the value of K (variance of the mean for 
error) is reduced much more by using more samples per plot than by 
separating the entire sample (Table 6). 


Table Analysis of mtiance of the percentage of zvhUe clover determined by 
separating subsamples one-fourth the size of the sample harvested for botanical 

separations. 


Variance due to 

D/F 

Mean square 

F . 

Between plots. 


560.7235 
51.2890 
10.33 1 1 


Within plots 

28 

126 

5.0^* 

Within samples. 



Mean per cent of clover. . ; . , 


70.9 
. 4*5 


vSample in per cent of yield. . 




**Exceeds i% point. 


No records were kept of the actual time required for subsampling 
and separating this quarter-sized sample, but since the actual separa- 
tion of the grass, clover, and weeds required by far the greater part 
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Table 6.— Values oj K {variance of mean for error) for the percentage of white 
clover expected from the indicated numbers of samples and sub samples per plot ^ 
sampled October ig, ig 42 . 


Number of 

Total samples 

K 

Samples 

Siibsamples 

I 

I 

I 

59-0373 

■ ■ I ■ 

2 

2 

53-8712 

1 

4 

4 

51.2890 

2 

I 

2 

29.5186 

2 

2 

4 

26.9162 

2 

4 

8 

25-6445 

3 

I 

3 

19.6791 

3 

2 

6 

17.9441 

3 "* 

4 ^ 

12^ 

16.2354 


’^The number of samples and aubsamples used from which the other values of K have been 
calculated, 


of the time, reducing the size of sample to be separated materially 
reduced the time required for the determination. While the total 
time for determining the percentage dry weight of grass, clover, and 
weeds even by subsampling is still somewhat greater than that re- 
quired by "the point quadrat, the increased accuracy obtainable by 
the separation method may often be necessary to evaluate the factors 
under investigation. In the study here being conducted, the critical 
evahxation of strains and clipping treatments seemed to warrant the 
additional time required for botanical separations. 

SUMMARY 

1 . Percentages of Kentucky bluegrass and white clover were deter- 
mined by botanical separations and by the inclined point quadrat 
in trials of 15 strains of Kentucky bluegrass grown in plots 3 by 9 feet 
distributed at random in four replications and seeded uniformly with 
white clover. 

2. For the botanical separations, samples were clipped with grass 
shears before the yield strip was har\?'ested wnth a lawn mower. At 
the first clipping date the samples averaged 20,7% of the yield of the 
harvested strip, whilein the other three cuttings the samples averaged 
between 12.4 and 16.2%. 

3. A sampling study showed that the variance within plots was 
low compared with the estimated true variance between plots within 
replications. Therefore, it was concluded that the method of sampling 
provided a reliable measure of percentage of white clover in the plots. 

4. Since the error in subsampling was low compared to variability 
within plots, it was concluded that samples one-fourth the size of the 
usual samples could be used. 

5. Using the inclined point quadrat, the estimated percentage of 
clover was lower than that found by botanical separations, the 
general means by the two methods being, respectively, 10.2% and 
17.1% on Jiine 23 and 49.8% and 68.3% on October 19, Compared on 
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the basis of strains, the greatest differences in percentage of clover 
between the two methods on June 23 was 13.0 while the least differ- 
ence was 2.7. On October 19 the differences ranged from 26.0 to 134% 
of clover. It was concluded, therefore, that inaccurate results would 
be obtained from using a constant for correcting the point quadrat 
data. 
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A GENERAL LOOK AT THE WEED PROBLEM^ 

M. A. McCall^ 

T he war has brought changes in the weed picture and new prob- 
lems that must be faced in post-war agriculture. Many of these 
changes are readily apparent to those who have the responsibility 
for carrying on weed projects, either research or regulatory, during 
the war period. Other changes may not now be recognized, but will 
show up later. The shortage of labor has made it impossible for the 
farmer not only to maintain the clean-up programs already started, 
but also to pi'event reinfestation of lands once cleared. It is hard to 
know the total loss in headway resulting from this cause in the. Cen- 
tral States, but more than one county weed supervisor has been 
deeply discouraged on seeing the efforts and productive results 
from many years’ wmrk almost nullified. The shortage of chemicals, 
especially sodium chlorate, which came just when more chemicals 
could have been Uvsed to make up for the labor shortage, has added 
to difficulties. Again, the shortage of new machinery has hurt weed 
programs as it has every other farm activity, though farmers have 
shown extraordinary ingenuity in getting along with what they have. 
Correspondingly, in weed control research it has been necessary to 
curtail all along the line, and it has been possible to keep going only 
those projects most productive of immediate results and which the 
research men could carry forward with their own labor. 

Another most serious item handicapping weed control has been a 
general slackening of controls on the dissemination of weed seeds 
in grain and forage feeds and iii seed for sowing. Under the com- 
pulsion of feed shortages, scarcities of seed stocks, high prices, and 
pressure for maximum production, it has been all too easy to persuade 
most sincere folks to accept almost anything that looked like seed 
or that had the appearance of a livestock feed. This has been true 
even of agencies normally expected to guard against such lapses in 
good agriculture, in some areas, there have been extremely serious 
results from bringing in low-quality feed grain full of weed seeds, 
without any regard to the future dangers involved. More than 450 
cars of low-grade feed grain badly infCvSted with Canada thistle, 
quackgrass, and other weed seeds were brought into this country 
from Canada, and in many cases the grmn was fed on farms without 
grinding or ptherwivSe devitalizing the weed seed. It is difficult to 
believe that this disregard of our future agricultural welfare was neces- 
sary when such feed could have been made innocuous by readily 
available means, granting as we do that the feed itvSelf was badly 
needed. The evil consequences of this careless disregard of good 
agriculture will be felt beyond our lifetimes. 

Recognizing the many ways in which the war has affected weed 
control adversely, one cannot but be impressed, on the other hand, 
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by the progress made in all areas in continuing the good fight to 
bring weeds under control despite discouragement and handicap. 

The war, however, in the long-time sweep of events, will soon be 
history, and there is nothing to be gained by recounting losses re- 
sulting from the war except as this may help us to recognise our 
problems and to plan for the future. The virtual disappearance of 
bindweed in some counties where it was once abundant is most en- 
couraging, and if we happen to be feeling quite op tomistic we might 
even te able to persuade ourselves that when things clear up it should 
not take too long to clean up that part of the job. There seems little 
chance for any such happy ending at an early date. In the first place ^ 
bindweed is only one of at least 30 weeds which are truly “noxious”, 
in every sense of the dictionary definition of that word. Not all of 
these weeds occupy as much land as bindweed has invaded, though 
at least one of them, Johnson grass, probably occupies an even larger 
area than bindweed ever did. Some of these weeds, for instance Russian 
knapweed, white top, and poverty weed, to name a few, seem to be 
even more difficult to kill than bindweed, and it may take a lot of 
hard work by our research men to find effective methods that will 
take less time and effort than present information makes necessary. 
That would only be repeating our experience with bindweed, however. 
Altogether, there remain, as nearly as we can estimate, more than 
2,000,000 acres of good agricultural land virtually out of production 
because of noxious weeds. Certainly the job is far from finished when 
a pi'oblem of that magnitude is vStill on tap. 

The interests of this group cover a wide variety of agricultural 
types. There are distinctive weed problems for practically each one 
of these types. As an example, most of us probably would think of 
field weeds as the most serious weed pests of irrigated lands. In some 
areas they are, but aquatic weeds that grow in ditches and other shal- 
low water are by no means far behind. The Bureau of Reclamation 
spends more than $100,000 a year dragging weeds out of the irrigation 
canals and drainage ditches under its jurisdiction, and even with this 
expenditure considers the job poorly done. The Bureau of Reclama- 
tion has supervision over less than one-seventh of the irrigatM land 
in the United States, so the irrigation ditch aquatic weed problem is 
one of some magnitude. In addition to the irrigation ditch and reser- 
voir aquatic weed pi'oblem, there are other aquatic weed problems of 
public importance. In the bayou country of Louisiana and along the 
St. John River and elsewhere in Florida incredible masses of water 
hyacinth block not only minor streams and drainage ditches but 
navigable streams as well For 30 years the War Department has 
waged a losing battle against these pests. The Office of the Chief 
of Engineers spends upwards of a quarter million dollars each 
year merely to clear small temporary channels through the weeds 
so that some navigation of a sort can be maintained. The solution 
of this problem is a real challenge to ingenuity. City reservoirs, private 
lakes, dam sites, fish hatcheries, and water supply systems have 
aquatic weed problems of equal extent and importance. They tie 
back to the same requirements for control as our farm irrigation water 
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weed menace and should receive attention from public weed control 

agencies. , . . „ . , 

In irrigated sections there are dr}^ land as well as aquatic weed 
problems. In one of the oldest reclamation projects in the West we 
are told that one-eighth of the cultivated land has been out of pro- 
duction for a number of years because of white top, morning glory, 
and similar weeds. Another one-eighth is so badly infested with these 
weeds that it soon will be added to the total. These lands cost the 
people of the United States a large amount of money to bring them 
under water, and hundreds and even thousands of settlers and their 
families have spent their lives and resources to rnake what they 
hoped would be productive farms out of this and similarly infested 
land. Their lifetime of effort has been wasted in all too many cases 
because these vicious weeds have not been controlled. Much of the 
trouble starts and is maintained by ditch bank infestations that 
no one originally considered himself responsible for. The whole 
complex of weed infestation on irrigated lands in many cases requires 
special attention and clear definition of responsibility for effective 
control, another challenge to both research and control agencies. 

Another most serious weed problem is that of brushy shrub-like 
weeds infesting range and pasture lands throughout the United States. 
According to our by no means complete records, there are 39 kinds 
or species of shrubs or small trees, each of which infests some 10,000 
acres or more of otherwise good pasture or range land. Some of these 
infestations run into millions of acres. Examples are mesquite and 
cedar in Texas; gorse, blackberry, and Scotch broom on the Pacific 
Coast; saw palmetto along the Gulf Coast; sassafras, persimmon, 
and buckbrush in the Ozarks and Kentucky; and sage brush and 
shinnery oak in the breaks of western Oklahoma and adjacent Texas. 
Altogether, some 5,000,000 acres of land that should be in grass are 
estimated to be occupied by these worthless shrubs. 

The control of weedy shrubs is only a minor phase of the range 
and pasture weed problem. Pastures have always been a major 
breeding ground for farm weeds. We are now coming to realize, how- 
ever, that pastures are an important part of good farm plans and oper- 
ation, and that to return the profits they are capable of yielding weeds 
must be controlled. How to control and eliminate the wastes and los- 
ses from weed infestations on the some 300,000,000 acres of farm 
rotation and permanent pastures, let alone the even larger areas 
of range lands, is a challenge to all of us. 

Another segment of the over-all weed problem in which we all 
have a vital interest is that of weed infestations on highway and 
railroad rights-of-way. Both of these, if neglected, serve as primary 
sources for farm infestation. Railroads have been interested in weed 
control because of the fire and accident hazards from weeds and the 
generally unsightly appearance of excessive weed growth. They are 
alp conscious of their obligations to their agricultural clientele. 
Highway maintenance engineers have equally definite reasons for 
controlling weeds, and are equally conscious of their obligation, but too 
often do not have means for doing the job. Neither the railroads nor 
highway officials, however, in spite of the best efforts of their best 
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engineers have solved their weed problem satisfactorily. Perhaps 
this is partly due to the fact that they are engineers and approach 
the job too often as engineers and not as agronomists. It is probably 
true that they might have greater success with their weeds had they 
more benefit of advice from men who know the plant side of the prob- 
lem. Be that as it may, the problem has had attention from a good 
many able men, and it is by no means solved. The railroads are trying 
to control weeds on some 300,000 miles of track, using salt, sodium 
arsenite sprays, sodium chlorate, crude oil, flaming, etc., all of 
which are expensive and not always too effective,^ or at best may 
develop accessory problems such as soil erosion which must be con- 
trolled. The railroad and highway officials have a right to expect our 
assistance, since they pay taxes, and their failure in turn menaces 
the farmer. All of this raises still another serious problem common 
to most of the western states. That is how to control weeds on public 
lands. As time goes on this problem is quite likely to extend to the 
whole country. It is a challenge to all of us. 

A side-line use for herbicides, which some of you may be called 
upon to service as experts in herbicidal action on plants, has to do 
with defoliating certain plants to facilitate harvesting operations. 
Mechanized picking of cotton offers large opportunities to reduce 
costs. Leaves interfere with operations and increase waste and trash 
in the picked cotton. By spraying or dusting the cotton plants with 
an herbicide, the leaves can be killed and removed from the plant, 
leaving only the bare stalks and the cotton bolls for the mechanical 
picker to work on. Potato growers in some areas follow the practice 
of spraying potatoes with an herbicide in advance of harvest to kill 
the vines. This is done to check the late blight disease, to prevent the 
over-development of tubers, to permit earlier harvesting at a time of 
higher prices, or for any of several reasons. Men skilled in destroying 
weeds with herbicides should be able to I'ender seiwice in this type of 
herbicidal plant control. 

One phase of the over-all weed problem which is badly neglected 
is that of annual weeds. They, like the poor, are “with us always. 
No accurate estimate has ever been made of the net cost of damage 
from annual weeds, but certainly they are far more serious in total 
than even our most noxious weed species. The veiy insiduous 
and ofttimes inconspicuous attack makes them doubly dangerous. 
Some, adopting a semidefeatist attitude, even argue that at least 
in some cases annual weeds have certain values and act as Nature’s 
means of conserving the soil This may be partly true, particularly 
when we follow poor cropping sequences and neglect adequate soil 
cover, but there is certainly no merit in propagating worthless weeds 
merely to lessen the evils of slovenly farming. In most cases such a 
philosophy leads to a result worse than the sum of the two evils alone. 
Consider, for example, puncture vine, which in the last 15 years 
has spread eastward and northward from southern California until 
in places it covers the earth with its miserable spiny fruits. The world 
has no conceivable need for puncture vine. Something must be done 
to control its spread. Downy brome grass has some value for early 
spring grazing, but by the middle of June it has become a fire menace 
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of frightening proportions over vast areas in Mountain and Inter- 
niountain West. We could do without it. Fanweed certainly costs 
our farmers an immense sum with no return. We would like to be rid 
of this pest also. Yet in spite of general agreement that all of these 
■ and the many other annual weed pests should be brought under 
control, no one has yet devised any really effective way to do it. It 
looks like some of us should tackle the job in earnest. 

Obviously, in a short time no one could review even a beginning o 
the weed problems that confront us. What has been said, however, 
may serve as a background for considering what can be done about 
the matter. 

We have only to think back to the somewhat apathetic public 
concern about weeds which existed in 1934 to realize the progress 
that has been made in the few years since that date. Happily, general 
public attitudes on weed control now ai*e definitely less passive. 
Certainly there is a gi'owing weed consciousness, or an improved 
weed psychology, on the part of farmers and of local, state, and 
federal officials. It may be expected that improvements in control 
methods will further implement an even more active public interest. 
While farsighted individuals have long been aware of the weed men- 
ace, it has been little more than a decade since the public began really 
to be aware of weeds in this country. The good start with encourag- 
ing results in both research and control activities gives every reason 
to expect equal or greater progress in the next 10 years. 

While we may be greatly encouraged by improved attitudes and 
by actual progress in control, we must not lose sight of the fact that 
final success depends on making weed Contx^ol an integral part of 
day to day operations on each and every farm. Research may show 
how and when to do the job so as to get best results most certainly 
and most cheaply. Control officers may spark the over-all px'ogram 
and may handle that part of the work that is out of hand or that is 
a public responsibility. But in the end, continuing control depends 
on each individual farmer on his own farm. Everything that we do in 
the development of methods through research or in the organization 
of control programs should be based on the fact that in the end the 
farmer must do the job. 

Recognizing the part which the farmer must play in weed control, 
special attention should be given to factors that will help him most 
effectively. Cultivation and other tillage operations, for example, 
will always occupy a prominent place in the picture. Great advances 
have been made in these operations through the use of tractors and 
larger units, but the principal implements work much the same and 
our plan of work is much as in our fathers' day. Recent engineering 
studies suggest that a great deal can be done to streamline some 
of these rather simple and fundamental operations in a way that can 
greatly improve their efficiency, may modify the kinds of tillage 
machinery offered for our use by manufacturers, and in the end 
change concepts and attitudes toward cultivation on the part of 
farmers. 
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Knowing the ingenuity of our people, it would be most surprising 
if we do not relatively soon have kinds of machinei*y for weed control 
that are unknown today. As an example, a flame-throwing machine 
attached to a tractor has been used successfully to burn the weeds 
out of young cotton rows at a speed of 5 to 6 miles an hour and with- 
out injury to the cotton. The machine also works well in sugar cane, 
and with adjustments may ultimately prove useful for other crops 
and situations as well. Some day the blast of the weed burner instead 
of the clank of the cultivator, may be heard in some parts of our land. 
Other implements for weed control likewise should be expected. 

Associated with the use of improved machinery and mechanical 
methods should be the use of crops better adapted to weed control, 
and better crop rotations and sequences working to the same end. 
The tremendous expansion in soybeans during the war, while it may 
not be maintained at present high levels, is certain to remain in part. 
Soybeans properly balanced with other crops will have a definite 
effect on farm weed control. The almost universal adoption of 
hybrid corn, with its high yield potentials, tends to encourage better 
care with better weed control as a corollary result. Better livestock, 
better crop varieties, all tend to raise the standard of operations, the 
beautiful stands of uniform corn, for example, rousing the pride of 
the grower and emphasizing the undesirable presence of cocldeburs 
and ragweeds. 

Always there is that pot of gold at the end of the rainbow, some 
mystic rite that will eliminate the weeds at a wave of the hand, or 
at most by sprinkling on some magic chemical that will do the job 
without more ado and without other harmful effects. Since Adam 
was cast from the Garden of Eden under the Divine sentence that 
he must earn his daily bread by the sweat of his brow, his descendants 
have been looking for some way to ease the penalty. In weed control 
for a time we looked hopefully toward the chlorates, arsenicals, 
acids, borax, some onepr the other, as a possible answer. These have 
proved useful in certain situations, but each has its limitations and 
disadvantages, and none of them have removed the sweat or the labor 
from the main job. 

This, however, is no reason for discGuragement, nor is it proof of 
the negative philosophy that fleas are good for a dog or weeds for 
man. As a matter of fact, the present condition of world affairs 
suggests that all of us might be better off if our minds were more 
centered on the fact that we are men rather than otherwise. 

In line with the old axiom that it is always darkest just before 
the dawn, there is some reason to believe that we may actually be 
on the verge of finding our magic weed control formula. All of you 
have heard in one way or another of those chemical substances 
in plants called hormones or growth-regulating substances which in 
mfinitesimalty small amounts regulate plant growth. One might 
be inclined to expect that if a "little” of such substances is good for 
plants, "more” would be better. Actually in this case "more” is 
disastrous, and instead of being stimulated to better growth the plant 
IS killed. And the surprising thing is that "more” is still a very small 
quantity as we usually think of herbicides. And even more surprising 
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is the selectivity in herbicidal effect of the very limited number of 
the growth regulators so far tested. Some species are killed, others 
are not affected to any extent. Preliminary work with bindweed 
indicates this weed as quite susceptible. Likewise when the growth 
regulator is applied to turf, naiTow-leaf plantain and dandelion are 
killed, and the grass is not injured. These results are at least sugges- 
tive of interesting possibilities. 

I wish, however, to emphasize that the work on growth regulators 
as weed killers has not reached a stage ready for immediate wide- 
spread use. Many details remain to be worked out. There are many 
of the regulator compounds yet to be tried, some of which may be 
better than those now being tested, and also different in their selec- 
tive action on different weeds. Yet the results so far obtained hold 
promise beyond anything so far known in the herbicidal field. The 
quantities required are small. There seem to be no residual effects 
on the soil. The selective properties open up possibilities for use on 
weeds in growing crops, pastures, meadows, lawns, road rights of 
way, airport runways, etc., that presently used herbicides do not 
possess. Of course, there may be difficulties we now do not see, but 
even so results so far obtained suggest the kind of herbicidal action 
and other attributes we have always dreamed about, and now may 
even hope ultimately to find in the infinite number of organic com- 
pounds available for trial. 

Even though ultimately we may find an ideal herbicide, it is my 
own belief that our primary reliance in weed control should and 
probably must depend on preventing and controlling infestations 
through good farming. Timely and adequate tillage, weed-free seed, 
good rotation and crop sequence, quarantine against weed-contami- 
nated, outside-produced feed and forage, must be our chief reliance. 
Other measures can be only supplementary to plug the holes that are 
missed. 

In this connection I wish to mention one item in weed control which 
is most difficult of solution, yet which for that very reason should 
receive special attention. The increase in farm weed infestations in 
this cottntry from feeding weed seed contaminated emergency feed 
grains brought in from Canada has been noted. That seems a rather 
striking example of the damage from such carelessness, yet it is not 
a drop in the bucket when compared with weed seed moved from place 
to place in this country in our own feed grains and hay. The devitali- 
zation of weed seeds removed in cleaning farm seeds before such 
screenings can be shipped in interstate commerce is provided for in 
the Federal Seed Act, but there is no protection against the interstate 
shipment of other weed seeds contained in feed grains or hay. Pro- 
posals have been made for drafting legislation to control interstate 
shipment of feeds so as to prevent this movement of weed seed from 
state to state, but the difficulties of devising what seemed to be 
adequate yet reasonably enforceable regulatory procedures blocked 
this highly desirable step. State weed control officials should give 
this problem careful study, and bend every effort to working out ways 
of doing this job on a feasible basis. Without control over this menace 
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there is a serious question whether any real weed control can be at- 
tainable. 

In the beginning of this rather rambling jaunt through our big 
national weed patch, I noted the emphasis which all discussions 
have placed on the need for more information. Additional research 
to meet this need is badly needed. A relatively little money spent in 
research can save many times this amount in control operations and 
can insure that the job will be done more effectively. 

The primary purpose of weed research is to provide workable and 
practical methods that can be used by the farmer and control agencies 
to control weeds. There must be complete coordination between 
research and action on farms or wherever weeds are to be controlled. 
Experience in controlling weeds shows the deficiencies in existing 
knowledge and methods, and the mending of these breaks in our 
armor should be the function of research. The research man should 
work closely with control officials and farmers to learn problems at 
first hand, and to see how methods devised from research operate 
in action. Control officials in turn should be in close touch with 
research in order to apply its findings as quickly and as effectively 
as possible, and also to suggest on the basis of experience what items 
need additional research attention. As I see the problem of integra- 
tion, this should not be merely a matter of casual though friendly 
contact and suggestion, but rather one of definitely recognized mutual 
obligation based on good will and a single-minded determination to 
do the best possible job for the public whose servants we are. The 
discussions and recommendations of this meeting should serve most 
effectively to implement vSuch integration. 

I also believe that the research program should deal in basic prin- 
ciples, which can serve as a foundation to devise methods for meeting 
whatever situation may arise. All of us, I think, will agree that the 
accomplishments of the cooperative bindweed research program have 
been substantial. I believe that this has been possible because the 
program stuck to basic principles, and recognized that methods to be 
devised from these principles must be fitted into the usual operations 
of good farming. By sticking to this somewhat single-track program, 
we have learned a great deal about bindweed, and have been able to 
use this information in devising workable practices to control this 
vicious pest under at least some conditions. More, of course, needs 
to be done to cover all situations. We have also been able to develop 
some general principles of rather wide application to all similar 
weeds, to a degree at least that they can serve in organizing research 
on the other weeds so as to get results more quickly and surely, I be- 
lieve we should follow the same general policy in all weed research. 

And finally, I would again emphasize that the final criterion of 
effective weed control is the smoothness and efficiency with which it 
fits into usual farm operations as one part of good husbandry. We 
must remember that weed control, while extremely important, is 
only one feature of good faming. Improved productivity and erosion 
control also must be carried along with weed control as essential 
parts of the whole. On the other hand, we can comfort ourselves with 
the thought that in the main everything that contributes to better 
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fannmg also contributes in some degree to weed control. And nc 
education and training are necessary to attain these ends so also 
should they be an essential part of weed control operations. Pact 

itiffrt ^application, make up our collective job in defeat 

mg the weed menace. ueieat- 
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EFFECT OF SEEDCO AT INJURIES DURING THRESHING 
ON EMERGENCE OF FLAX SEEDLINGS' 

Dwight D. Forsyth and O. A, Vogel^ 

T he emergence of flax in field plantings has varied widely during 
the years that varietal trials have been conducted by the Wash- 
ington Agricultural Experiment Station at Pullman. The difficulty in 
obtaining an initial stand sometimes has made it necessary to reseed 
at a later date in the spring. In 1941 there was a marked difference 
in seedling emergence among varieties. Moreover, seed produced 
at Pullman gave poorer emergence than seed supplied by the Uni ver- 
sity of Minnesota for the uniform flax nursery. 

As seed of several varieties was saved from the supply used in 
planting the nursery, it was possible to test it for germination in the 
seed laboratory. The results showed that the germination of seed 
produced at Pullman was uniformly high, averaging 95.5% for four 
samples, as compared to 83% for seven samples of seed supplied by 
the University of Minnesota, a contradiction of the results in the 
field. 

Because of the discrepancy between the results in the field and in 
the seed laboratory, tests of the same seed were made in sterilized 
and unsterilized soil, yielding pre-emergence damping-off only in 
the latter case, The germination tests made in this way showed that 
the seedlings from the Pullman seed were attacked by soil-borne 
organisms, the most common being tentatively identified by the 
Department of Plant Pathology as Fusarium oxysporum Schlecht., (4)'’^ 
which i*esulted in seed decay and pre-emergence damping-off of the 
seedlings. Work on flax at other localities in the United States (3, 5), 
Canada (2), and Germany (i) suggests that this emergence problem 
might be related to the amount of mechanical damage to the seed. 
The present study deals with the effect of seedcoat damage in flax- 
seed on germination, and emergence of seedlings from soil . 

MATERIALS AND METHODS 

The flaxseed used in the experimental plantings in the nursery and the seed 
laboratory. was produced at Pullman, Wash. The emergence data in the nursery 
were obtained by counting the number of seedlings in six 18-inch strips taken at 
random along the 20 feet of the middle row of each three-row plot of each variety. 

The soil used for tests in the seed laboratory was taken from the college farm! 
This soil has always caused the same diseased condition of the flax seedlings, 
regardless of its previous cropping history. The soil sample from Tekoa, Wash.,' 
was obtain ed from the flax nursery at that location. Soils from four other sources 

^ Seed Laboratory. Department of Agronomy. 

State College of Washington, Pullman, Wash., and the Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, U. S. Dept, of Agriculture. Published as 
Scientific J^per No. 62^ College of Agriculture and Experiment Station, State 
College of Washington. Received for publication February 9, 1945 
. ^Seed Analyst, Department of Agronomy, State College of Washington and 
Associate Agronomist,^ Division of Cereal Crops and Diseases, Bureau of Plant 
spectivdy Agricultural Engineering, U, S, Dept, of Agrictilture, I'e- 

»Pigures in parenthesis refer to ‘literature Cited'’, p, 393. 
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were obtained from collections made by the Soils Section of the Division of 
Agronomy of the Experiment Station at Battleground, Chehalis, and Everett 
in western Washington and Spokane in eastern Washington. 

In the laboratory tests, enamel ware pans (9X12X2 inches) were filled to 
within an inch of the top with friable soil. The flaxseed was placed on this seedbed 
and covered with an inch of moist soil, after which the pans were covered with 
sheets of waxed paper to maintain the soil moisture. 

The type and amount of seedcoat injury was determined from 200 seeds of 
each sample with the aid of a 7 X hand lens. Each seed was classified on the basis 
of one of these types of injury: i, No visible injury; 2, small cracks extending 
not over half the width of the seed; 3, large cracks extending across the seed, or 
multiple small cracks; 4, open cracks^ with a relatively large opening in the seed- 
coat; and 5, broken seeds in which- a part of the seed is missing. 

EXPERIMENTAL RESULTS 
AMOUNT OF SEED INJURY FROM THRESHING 

In 1942 hand-threshed and machine-threshed seeds of the 1941 
crop of three flax varieties, Zenith, Bison, and Victory, were avail- 
able. Seed from this source was planted in the nursery and in soil in 
the seed laboratory. The results are given in Table i. In both the 
field and the laboratory tests, emergence from the hand-threshed 
seed greatly exceeded that from the machine-threshed seed. 

In 1943, hand-threshed and machine-threshed seed of Redwing 
and Bison flax was planted in the field and in soil in the seed labora- 
tory. The threshing machine was run at two different cylinder speeds. 
At medium speed approximately 10% of the bolls were left uiithreshed 
ill order to give low seed damage. At high speed the cylinder was 
rotated just fast enough to thresh out all the bolls. 

There was* a progressive decrease in emergence with an increase in 
severity of the threshing methods, as indicated in Table i. This trend 
was evident in both the field and laboratory tests. In 1943, however, 
the emergence of machine-threshed seed in the field was higher than 
would be expected on the basis of the tests in the laboratory. This 
discrepancy probably was due to dissimilar conditions of soil mois- 
ture, soil temperature, and seedbed preparation, 

APPEARANCE OF DISEASED FLAX SEEDLINGS 

In the emergence testsin soil in the seed laboratory a considerable 
number of the seedlings which emerged were diseased. The diseased 
condition consisted of irregular reddish-brown lesions which occurred 
any place on the seedling, above or below the soil. As previously 
mentioned, the organism causing the trouble in the laboratory was 
shown to be a probably F. oxysporum. Preliminary tests 

by the Department of Plant Pathology indicated that this was like- 
wise the major cause for the trouble in the field. The long period 
between seeding and emergence caused by low soil temperatures 
in the field resulted in a more complete pre-emergence killing of the 

‘^The term ^‘open cracks'* refers to a mechanical cracking or shattering of the 
seedcoat and not to the injury described by Moore and Christensen (3) as “ex- 
posure of the eitibryo due to a natural tendency of seed of certain varieties to 
split at the germ end*^. Embryo expOvSure did not appear to be a factor in seed 
produced at Pullman, although Moore and Christensen report it as being more 
common than mechanical injury in lots of seed studied by them. 
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Table i.-~Effect of threshing method on the seedling emergence of flax in the field 
and in laboratory soil tests during 1042 and TQ 43 ' 




Seedling emergence 


Variety 

Method of threshing* 

Field 

Laboratory 



Seedling 
count t 

Per cent of hand 
threshed 

Per cent 

Zenith 

Hand 

1942 

426 

100 

92.0 


Machine, high speed 

•58 

37 

14.0 

Bison 

Hand 

373 

100 

77«5 


Machine, high speed 

70 

19 

6.5 

Victory 

Hand 

315 

100 

87.0 

Machine, high speed 

150 

48 

9-5 

Redwing 

Hand 

1943 

483 

100 

98.7 

Machine, medium speed 

431 

1 90 

40-5 


Machine, high speed 

387 

80 

15*5 

Bison 

Hand 

387 

100 

99-2 


Machine, medium speed 

307 

79 

24.0 


Machine, high speed 

236 

61 

8.2 


^Cylinder of thresher was run at two different speeds. Medium speed left 10% of bolls un- 
threshed, high speed threshed out all the bolls. 

tPigures are average of two plots in 1942 and of one plot in 1943. Each figure represents the 
number of seedlings in 9 feet of the middle row of a three-row plot. 

infected seedlings than was the case in the laboratory tests. Conse- 
quently, the appearance of diseased seedlings in the field was not 
common. 

EFFECT OF DEGREE OF INJURY ON EMERGENCE 

Microscopic inspection of flaxseed threshed by the nursery thresher 
at Pullman revealed a considerable amount of damage to the seedcoat. 
This damage consisted of small cracks, bruises, and crushed areas 
that were so slight that magnification with a 7 X hand lens was 
necessary to see the injury. The data obtained by separating samples 
of flaxseed according to the five types of seedcoat injury and making 
emergence tests on each type in soil are given in Table 2. 

Almost complete failure of emergence occurred in types 4 and c;, 
representing open cracks and broken seed, respectively. Some reduc- 
tion in emergence from seed of these types could be expected in soil 
from any source, since the seed gave a high percentage of abnormal 
seedlings in standard germination tests on blotters. Type 3, represent- 
ing large or multiple cracks; showed practically complete failure of 
emergence. In tests on blotters this seed germinated normally for 
the most part. Type 2, or seed with small cracks, showed consider- 
able failure of emergence as compared with the emergence obtained 
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Table 2.~'-Types and amounts of seed injury in different- lots of flax threshed at 
Pullman, Wash,, in 1942, emergence from seed of each type and total for all types, 
and germination of each lot on blotters. 


Variety 

Method of : 
threshing’’" 

Type of seed injury and percentage 
emergencet 

Total 
emer- 
gence 
from all 
types, 

%t 

Germi- 

nation 

on 

blotters, 

% 

I, 

no 

cracks 

2, 

small 

cracks 

Sj 

large 

cracks 

4. 

open 

cracks 

57 

brok- 

en 

seeds 

A.P.B, 

Machine, 

30.0 

56-5 

7-5 

6.0 

,, 0.0 




medium 

(65-0) 

(i8.6) 

(6.6) 

(8.3) 

(0.0) 

31*0 

98.5- 

Royal 

Machine, 

34-<5 

37-0 

lO.O 

16.0 

3.0 




medium 

(47-0) 

(13-5) 

(5-0) 

(0.0) 

(0.0) 

21.5 

90.5 

Viking 

Machine, 

40.0 

42.0 

8.0 

8.0 

2.0 




medium 

(52.5) 

(9-5) 

(0.0) 

(0.0) 

(0.0) 

25.0 

90,5 

Rio 

Machine, 

35-0 

48.0 

6.0 

9,0 

2.0 




medium : 

(72.9) 

(14.6) 

(0.0) 

(0.0) 

(0.0) 

32.5 

97.0 

Redwing 

Hand 

100.0 



' — 

— 

— 





(100.0) 

— 

— 

— _ 

: ■ — 

100.0 

98.0 

Redwing 

Machine, 

39.5 

54-5 

3-0 

2.5 

0.5 




medium 

(S2.3) 

(46.8) 

(66.6) 

(20.0) 

: (0.0) 

60.5 

99-5 

Redwing 

Machine, 

17-5 

53-5 

18.5 

7.5 

' 3-0 




high 

(68.6) 

(22.4) 

(0.0) 

(0.0) 

(0,0) 

24.0 

97-5 

Bison 

Hand 

100.0 

— 

— 

- — . 

— 





(99*5) 

, 

■ — . 

^ — ■ 


99*5 

99-5 

Bison 

Machine, 

28.0 

53^0 

13.0 

5*5 

0.5 




medium 

(66.1) 

(21.7) 

(0.0) 

(0.0) 

(0.0) 

30.0 i 

97.5 

Bison 

Machine, 

;■ 'I2..5 

46.0 

24.0 

10.5 

7.0 




! high ' 

1; ;; ■ 68.0,1 

1 9.8 

0,0 

0.0 

0.0 

13.0 

89.0 


’^'Cylinder of thresher was x\xn at two different speeds. Medium speed left io% ,of bolls tm- 
threshed, high speed threshed out all the bolls. . 

tFigures without parenthesis are percentages of seeds in each type; the figures in parenthesis are 
percentage emergence of seed in each type. 

JTotal emergence from all types is the sum of the actual emergence in the five types. 

from undamaged seed in type r. From these tests it is evident that 
even slight injuries affect the emergence of flax planted in Pullman 
soil.. . 

The tests with seed threshed by hand and at different cylinder 
speeds show that machine threshing is the source of the mechanical 
injury to the seed. Apparently, machine threshing produced injuries 
which were not visible even under magnification as shown by the differ- 
ence between the emergence from seed having no cracks selected 
from machine-threshed samples and the emergence from hand- 
threshed seed. These minor injuries were not detectable in standard 
germination tests. 





EFFECT OF SOIL SOURCE ON EMERGENCE 

Samples of Redwing and Bison seed which had been threshed both 
by machine and by hand were planted in pans containing soil ob- 
tained from six different localities in Washington. The emergence 
data are given in Table 3. 

The hand-threshed seed gave practically perfect emergence in all 
cases, except for Bison planted in the Spokane soil in which the germi- 
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Table ^.-—Seedling emergence ft om machine- and hafid-thres}wd seed of Bison and 
Redwing flax planted in soils from six different sources in Washington, 


Percentage seedling emergence 


Soil source 

Bison 

Redwing 

Hand- 

threshed 

Machine- 

threshed 

Hand- 

threshed 

Machine- 

threshed 

Pullman 

100 

62 

100 

70 

Battleground 

99 

94 

100 

96 

Chehalis 

100 

S7 

100 

95 

Everett 

98 

76 

100 

80 

Spokane 

88 

81 

99 

94 

Tekoa 

97 

91 

100 

98 


nation of the seed was lowered owing to decay of the seed. The 
machine-threshed seed, on the other hand, gave a wide variation 
in the emergence from the different soils, all the way from no appre- 
ciable redaction in stand for Redwing grown in the Tekoa soil to a 
38% reduction in the case of Bison grown in Pullman soil. In no case 
did the characteristic reddish-brown lesions of the diseased seedlings 
growing in the Pullman soil appear on the plants in the five other 
soils. The decrease in stand in the Everett soil was almost as great 
as that in the Pullman soil, but the decrease was due to weak seed- 
lings which was not the case in any of the other soils. Organisms 
which caused seed decay and pre-emergence damping-off appear to 
be present in all of these soils to a certain extent, although not to 
the same extent that they occur in Pullman soil used in these tests. 

DISCUSSION 

Previous work on the effect of seed damage to flax has been con- 
cerned, for the most part, with badly cracked and broken seeds. Such 
easily observed damage to the Pullman seed was not as great as the 
damage reported from other localities. Stevens (5) reported figures 
for the purity analyses of ‘flaxseed from the North Dakota Seed 
Laboratory for the crop years of 1931 and 1932 in which all samples 
examined contained an average of 4.5% by weight of pieces that were 
less than half seeds. In a separation of flaxseed, reported in the same 
paper, it was found that 8.4% of the seed from ii samples of Bison 
had parts of the seed broken off. This condition could be con- 
sidemd similar to type 5 as used in the present work. Moore and 
Christensen (3) found a range of o to 32% of mechanical cracking 
and shattering of the seedcoat in seed lots of Bolley Golden selection 
C. L 976 grown in 31 localities in the United States and Canada. 

Machacek and Brown (2) reported that, on an average, half the 
seed in samples of flaxseed examined from western Canada during 
1940 failed to germinate. Since the amount of broken seed reported 
was much higher than that found in the Pullman seed, it can be 
assumed that the microscopic injuries likewise were higher. 
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In the present work it was found that the small microscopic cracks 
and bniises in the seeclcoat had a marked effect on emergence of flax 
at Pullman, Wash. This conclusion concerning the importance of 
microscopic damage is similar to that anived at by Tatum and Zuber 
(6), working with seed corn in Iowa. They found that minor pericarp 
injuries over the embryo are important in reducing the stand obtained 
in the field. These workers found that germinating seed com in non- 
sterile soil by their “cold test” method gave results which closely 
approximated the results obtained in the feld, whereas the standard 
laboratory germination did not. 

Seed testing is concerned with obtaining the maximum germina- 
tion on each lot of seed as the best criterion of the results to be ob- 
tained in the held. Soil has not been favoi'ed as a substratum by seed 
analysts because it does not give as uniform results and is not as 
easy to handle as other types, such as blotters, paper toweling, or 
sand. However, it has been found at Pullman that the germination 
test for flax by standard laboratory procedure on blotters does not 
indicate the ability of different lots of seed to produce stands in the 
field. This discrepancy has been shown to be the result of a com- 
bination of two factors, namely, seedcoat injury and the presence of 
infectious soil-borne organisms. It appears that the best practical 
method for evaluating seed lots for growing under Pullman condi- 
tions is to run tests in nonsterile soil in conjunction with the standard 
germination test. 

No appreciable reduction in yield was caused by the reduced 
emergence of flax in the Pullman nursery unless the stand was patchy 
or very thin. Such a lack of reduction in yield held true because of the 
branching habit of the flax plant, which compensated for rather 
large variations in stand, and because of the lack of weed competi- 
tion in the nursery. However, where early spring weeds compete 
with the flax seedlings, as is the case in a farmer's field, the initial 
emergence would become a factor of prime importance in establishing 
a satisfactory stand. 

Seed treatment with a number of commercial compounds has been 
shown to give satisfactory control of the seed decay and pre-emergence 
damping-off organisms in reports of tests at Pullman, Wash., (4), in 
Minnesota (3), and in Canada (2). 

SUMMARY 

1. Two important causes of the yearly variation in initial stands 
of flax obtained at Pullman, Wash., are shown to be considerable 
amounts of minor mechanical damage to the seed, and the presence 
of soil-borne organisms, mainly Fusaritm oxysporum, 

2. Machine threshing was the main source of the mechanical 
damage to the seed. 

3. The problem of poor emergence is not as acute in soils from 
other areas on which tests were performed as it is in soil from Pull- 
man, This is apparently due to differences in soil microflora. 
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THE YIELD AWB SUGAR COHTEHT OF ALFALFA CUT AT 
VARIOUS TIMES OF DAY AND THE SUGAR CONTENT OF 
THE HAY AFTER VARIOUS METHODS OF DRYING' 

S. T. Dexter^ 

C URTIS (i)*^ recently reported that cuttings of alfalfa made in 
the afternoon contained approximately 19% more dry matter 
and 83% more sugar on an acre basis than if cut the morning before 
or the moniing after. That the content of sugars in plants varies 
considerably from day to day or from hour to hour has been well 
recognized. Thus, Wilson and Webb (6) reported findings which 
indicated that the sugars in alfalfa on July i, 1935, were highest at 
4:40 a.m. and 6.40 a.m. Swedish workers (4) agreed with Curtis 
that hays wei’e frequently somewhat higher in sugars in the after- 
noon than in the morning, but that the content of sugars was in- 
fluenced considerably by cloudy or rainy, weather. 

That the total dry matter in almost mature stems of alfalfa usually 
decreases 19% overnight, or increases 19% during any one day, 
seems somewhat improbable in view of the results of extensive studies 
of the field weights of alfalfa. In making the ordinary routine harvests 
of large blocks of alfalfa plots, suitably replicated, when harvest 
has continued all of one day and part of the next, no such diurnal 
changes in yield have been observed. 

In 1944, however, in order to examine these important claims 
more thoroughly, parallel routine harvests were made, night and 
morning, on certain plots. For a 3‘'day period in addition, harvests 
were made three times a day on a large area devoted exclusively 
to this study. These fields yielded approximately 5,000 pounds of dry 
matter per acre, and were excellent stands of pure alfalfa. Samples 
were taken for drying in four ways, namely (a) prompt drying for 
chemical analysis in a blast of air heated to about 65° C; (b) slower 
drying about 3 days of 50-pound samples in circulated unheated 
air; (c) still slower drying (about 3 weeks) in a mow-drier of about 
15 tons of hay; and (d) field drying. From these lots of hay, samples 
were taken for chemical analysis to determine the original content 
of sugars and starch and their retention during the drying process. 

During the entire period of the experiment, the weather remained 
clear and warm with few clouds. Data from the local U. S. Weather 
Station show that on each day, the wind velocity was approximately 
15 miles per hour, the relative humidity from 40 to 60, and there was 
little if any dew. On June 28, the ’‘possible sunshine'' was 98%; on 
June 29, 92%; and on June 30, 94%. Maximum-minimum tempera- 
tures for the three days were: June 28, 94"" and 72""; June 29, 78° and 
60®; June 30, 73® and 49°. Heavy rains the previous week had sup- 
plied abundant moisture for growth. Curtis (2) states in comment 
on notes by Woodward, et al, and Willard (5, 7) that his “average 

^Contribution from Section of Farm Crops, Michigan Agricultural Experi- 
ment Station, East Lansing, Mich. Journal Art, 748 (New Series). Received for 
publication February 13, 1945. 

^Research Associate in Fann Crops. 

^Figures in parenthesis refer to “Literature Cited*', p. 399. 
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was based on figures obtained on days that had few or no clouds” 
and that “an attempt was made to select days that would give 
maximum gains.” Except that his selected days were not consecutive, 
nor at the height of haying season, and admittedly do not represent 
an average, but rather a “maximum”, our experimental conditions 
are rather closely comparable. 

On June 26, at 5 p.m., four 6-foot mower swaths were cut, in pairs 
of two, across a series of 13 plots, each 14 feet wide. The next morning, 
two similar swaths were taken, between the first two pairs. The green 
weight and the percentage moisture were determined. The yield of 
dry matter was computed and the figures are presented in Table i. 


Table i.—Dry ?natter yields per plot (168 sg. ft,) of alfalfa cut in the evening 
compared with alfalfa cut the next morning. 


Plot No. 1 

i 

South plots, 
evening cut, lbs. 

Center plots, 
morning cut, lbs. 

North plots, 
evening cut, lbs. 

I 

18.4 

16.9 

17.2 

2 

14.4 1 

16. X 

17-3 

3 

16.4 

16.9 

17.6 

4 

16.1 

17.6 

i8.6 

5 

14.1 

15.8 

14*3 

6 

15-9 

14.2 

17.6 

7 

16.8 

. 16.0 

16.9 

8 

15*9 

14.9 

15-9 

9 

14-5 

14*5 

10,4 

10 

15.0 

15.2 

15. 1 

II 

15.6 

12.7 

1 1.9 

12 

14.2 

13*7 

154 

13 

16.0 

1 - 

16.2 

12.6 

Total ............. 

203.3 

200,7 

200,8 


It will be observed that the total weights of the 13 plots differ by 
a little more than 1%, The gain or loss in weight overnight appears 
to have been slight. 

On June 28, 29, and 30, one swath 177 feet long and 30 inches 
wide (1/102 acre) was cut in the morning, one at noon, and one 
toward evening, A tractor-driven mower was used. According to 
^ 'solar time", S-g a.m., 12-1 noon, and 4-4:30 p.m. would include 
the three times of cutting. The hay was never wet with dew when 
cut in the morning. Green weights were determined and samples 
weighing about 2 kilograms each were taken for the determination 
of percentage dry matter. On June 28, morning, noon, and evening, 
samples of green hay weighing 50 pounds each were put in a “corn 
drier", where they were dxied with circulated, unheated air in a 
period of about 3 days. On June 29, three swaths were cut and weighed 
at noon to determine the probable variation in weight between 
swaths. A final swath was cut on the morning of the fourth day, 
July I. Table 2 gives the weights obtained. Table 3 summarizes these 
data. 

The arrangement of the swaths in the field was as follows : June 28, 
evening; June 28, moiiiing; June 28, noon; June 29, morning; June 29, 
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Tabl'E 2, —Yield of alfalfa hay cat in the morning, at noon, and in the late afternoon. 


Date 

Green weiglit, 
lbs. 

Percentage dry 
matter 

Dry weight, 
lbs. 

{line 28: 

167.4 


46.8 

8 a,m 

27.9 

12 noon 

178.7 

27.9 , 

49-9 

4 P-iTi- 

165.0 

26.9 

44-4 

June 29: 

186.0 



8 a.m 

27.2 

50.6 


f 163.0 

28.3 

[ 46.1 

12 110011.. 

\ 170.8 

28.3 

48.3 


[186.0 

28.3 

[52-6 

Average: 



12 noon 

173-3 

— — 

49.0 

4 P*nn 

X87.0 

27.4 

51-2 

June 30; 

1 89.2 



8 a .in .......... 

26.6 

504 

12 noon 

181, 1 

284 

514 

4 p.ni 

,76.3 

27,8 

49.0 

July I : 



8 a.m 

198.0 

28.5 

56.4 


Table Average yields, frorn Tabic 2, of alfalfa hay cut at various times of day. 


Morning cuts: 

All 4 weights , . 
First 3 weights 
Noon cntts: 

All weights. . . . 
First 3 weights. 
Evening cuts; 
First 3 weights. 


Time 


Dry weight 
yield per plot, 
lbs. 


51.0 

49.2 


50. r 

49.2 

48.2 


pry weight 
yield per acre, 
lbs. 



June 28, av. all weights, 
June 29, av/all weights 
J lin e 30, av,: aU weights, 


4,796 

5,029 

5,128 


noon (t); June 29, noon (2); June 29, noon (3); June 30, morning; 
June 29, evening; June 30, noon; June 30, evening; July i, morning. 

Prom the figures in Table 2, there is no indication that great 
losses in weight occurred overnight. The average increase of 100 to 
200 pounds of dry matter per acre per day is strictly in accord with 
many other published and unpublished data. 

The uncured samples taken for chemical analysis were dried rapidly 
in a blast of air at 65^ to 70® C. Analysis for sugars and starches was 
performed by the Michigan State College Agricultural Chemistry 
Department. The results of these analyses are shown in Table 4. 

With a considerable degree of uniformity, we fiind that the per- 
centage of sugars and starches built up somewhat in the stems and 
leaves during the day. It is quite possible that the discrepancies 
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Table 4. — Percentage of sugars and of starch in alfalfa hay cut at various times of 

day. 


Date 


June 28: 

Morning cut . . 

Noon cut 

Evening cut . . 
June 29: 

Morning cut . . 

Noon cut 

Evening cut. . , 
June 30: 

Morning cut. . , 
Noon cut . . . . . , 
Evening cut . . . 
July i: 

Morning cut . . . 


Dried rapidly, circulated air 
70X 


Starch 


Average of 3 days 

Morning 

Noon 

Evening . , 


1.20 
1.32 
1.67 

1.09 
1. 14 
1.32 

1 .08 

1 . 2 1 
1.08 

1.24 


Total 

sugars 


3.26 

3*73 

4-3S 

3-30 

3.16 

3.31 

3-L3 

3.31 

3.83 

3.31 


Sum 


3.46 

5.05 

6.05^ 

4.39 

4.30 

4.63 

4.21 

4.52 

4.91, 

4.55 


Av. 


5.19 


444 


4.55 


4.40 

4.62 

5.20 


Dried in 3 days in \‘corn 
drier” without heat 


Starch 


0.86 

0.86 

0.83 


Total 

sugars 


2.03 

2.41 

3.89 


Sum 


Av. 


3-63 


that rlo occur niight have been due to brief periods of cloudiness at 
some time previous to cutting. On June 28, the hottest and clearest 
day, the content of sugar and starch was the highest of the 3 days. 

In the samples that were dried over a period of 3 days, the relatively 
higher level of sugars was maintained in the samples cut in t£ 

evening, although the losses were considerable in each case. ■ 

On June 14 starting about 1 130 p.m. , an 8-acre field of mixed alfalfa 
fipu grass was cut. Somewhat more than half of the 

held was cut before 5 p.m. and the rest before ii a.m. of the next 
day. Starting at 2 p.m. on Thursday, June 1.5, this hay was put in a 
ventilated mow drier”. No rain fell on any of this yIy after it wis 

fiphi hauled progressively from one edge of the 

field. Thus, the first hay put in the mow was cut about 2 p.m June ix 

of rfl' ® This last hay had a moiLre content 

, 3 ,0. being almost completely cured in the field, and comoleted 
rjnng at the edges of the mow in a day or two. Hay in the middle 
of the mow vertically, was cut late in the aftenmS Tnd th? n2? 

from top to bottom (about to feet in settled Henf-4i\ 
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T^vBLE 5 . — The content of sngdrs and starch in hays dried rapidly and slowly. 


Position of 
sample in mow, 
from bottom 

Estimated time of 

Mois- 




Cutting 

Putting in 
mow 

ture 

or nc 

put in 

Sugar, 

% 

Starch, 

% 

Sum 

I foot 

; 2 p.ra. Wed. 

1 Thurs. p.m. 

50 

2.69 

0.68 

3-37 

2 feet 

; 3p.m.Wed. ] 

Thurs. p.m. 

45 

2,08 

0.87 

2.95 

3 feet. 

1 1 a.ra. Thurs. 

Fri, a.m. 

45 

1.26 

0.54 

1.80 

4 feet 

4 p.m. Wed. 

Fri. a.m. 

40 

2,63 

0.51 1 

3.14 

5 feet 1 

10 a.m. Thurs. 

Fri. p.m. 

38 

1.03 

0.68 

1.71 

6 feet ! 

10 a. m. Thurs. 

Fri. p.m. 

38 

0.54 

0.54 

1.08 

7 feet 

1 1 a.m. Thiirs. 

Fri p.ra.. 

38 

1.32 

0.89 

2.21 

8 feet (slight mold) 

4 p.m. Wed. 

Fri. p.m. 

35 

0.70 

0,52 

1.22 

9 feet (slight mold) 
10 feet (edges of 

3 p.m. Wed. 

Sat. a.m. 

35 

2.50 

0.62 

3.12 

mow) 

2 p.m. Wed. 

Sat, a.m. 

31 

4.10 

0.51 

4.61 


Hay cut in the afternoon and dried fairly quickly, either in the field 
or ill the mow, had a much higher content of sugar and starch than _ 
hay cut either morning or afternoon that dried slowly. Although 
the samples cannot be identified positively as to the hour at which 
they were cut, the effect of slow drying is unmistakable. This hay is 
being used in feeding trials in an attempt to determine its feeding 
value with dairy cattle. 

SUMMARY AND DISCUSSION 

In an experiment designed to measure the yield of alfalfa hay when 
cut at various times of day, it was found that no marked increases 
occurred from morning until night, nor were large decreases found 
from evening until the next morning. At about one-half bloom, a 
growth of about 100 to 20c pounds dry matter per acre per day was 
found. The average fluctuation in yield of 19% between night and 
morning reported by Curtis was in no way approximated. 

In almost continuously sunny weather, there was a small but rather 
consistent increase in the pex'centage of sugars and starch in the hay 
as the day proceeded. The highest percentage of these carbohydrates 
was found on the brightest and hottest day. 

When samples of hay were dried in unheated circulated air, over 
a period of 3 days, there was a considerable loss of sugars as com- 
pared with rapidly dried samples. Whether this sugar was lost as 
carbon dioxide in respiration, or used in the synthesis of other ma- 
terials, is not known. Certain data from Henson (3) suggest the for- 
mer, When hay was dried much more slowly over a period of about 
3 weeks in a “mow drier”, the losses of sugar were still more pro- 
nounced. Ordinary field-cured hay was far higher in sugars than the 
hay dried slowly in the mow, Precisely how much difference in actual 
feeding value will result from such differences in sugar content 
remains to be determined. The feeding trials now in progress may 
give some idea of the influence of slow mow drying, in deep mows, 

. upon the feeding value of the hay. 
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NOTES 

A HULEER FOR CLOVER HEADS 

TN i()43 and 1944 the author was confronted with the problem 
1 of removing the seed from approximately 4,000 bags of clover 
heads. The number of clover heads per bag varied from 150 to 600. 
To hull this volume of clover heads by hand methods would have 
involved hundreds of hours of labor and great expense. With this 
problem at hand the author, because of necessity, began to assemble 
plans for a mechanical clover huller that would operate with speed 
and efficiency. The planning provided for the combining of the 
fundamental principles that are commonly built into the commercial 
clover hullers, the hammer mill, and those of the various hand 
methods that may be used to hull clover seed. The finaT product 
of the author’s thoughts and efforts are herein presented for review 
by those who may be interested in a small mechanical clover huller. 
This huller has speed, accuracy, and efficiency. The accuracy of the. 
machine is practically 100% because the clover seed cannot leave the 
hulling compartment until the hull is removed from the seed. 

Figs. I and 2 show the general 
construction plan of the huller. 
The stationary and revolving 
beaters are made of rubber cut 
from the sidewalls of a four-ply 
automobile tire. Except for the 
beater shaft, belt pulley, and 
screen, the entire, machine is 
made of wood, rubber, and 
glass. Seasoned walnut was 
used for the beater and the 
wooden housing that surrounds 
the beater. Seasoned poplar 
was used for the wooden bear- 
ings that were equipped with 
wick-type oilers. The general 
frame construction is from sea- 
soned white pine. All joints were closed and held in place by both 
wood screws and glue. ’ 

The multiple speed V-belt pulley allows for adjustment of the 
beater speed from 800 to 1,800 R.P.M. A speed of 1,200 R.P.M. was 
found to be very satisfactory for dry clover heads. Both the stationary 
and the rotating rubber beaters can be adjusted quickly and easily. 
The stationary beaters are held firmly by wooden wedges made 
from seasoned walnut. The rotating beaters are held in position by 
screws. To keep down vibration the rotating beaters must be of equal 
weight. 

The adjustment of the beaters was found to be much less frequent 
than expected for 200,000 heads were hulled before the first adjust- 
ment for wear was necessary, The machine was powered by a K H.P. 
electric motor equipped with a built-in switch for starting and stop- 



Fig. I. — A huller for clover heads. 

















NOTES 


Fig, 2. —Details of construction of the clover huller. 


ping. The actual power needed to opei'ate this huller is very low and 
probably not more than H.P. 

The screen through which the clover seed passes as it leaves the 
hulling compartment was made of i6~mesh per inch copper window 
screen soldered to a sheet metal frame. The entire front of the huller 
compartment is covered by a piece of shatter proof plate glass held 
firmly in place by two strong rubber bands cut from automobile tire 
tubes. The plate glass was removed when photographs were taken. 
The glass cover provides complete view of the hullitig process at all 
times and the operator can quickly determine if all of the clover seed 
has been discharged from the hulling compartment. To keep down 
dust, the entire machine is vacunmed by connecting the huller to 
an air suction line. A sliding valve is used to control the flow of air 
through the huller. With proper vacuum there is no escape of dust. 
This is a very important item because dust from clover heads can 
be very annoying to the operator if he should be susceptible to hay 
fever. 

Baffle blocks are essential to keep the hulled seed from bouncing 
up and out of the hulling compartment. (See photographs.) 

The huller was used to hull hundreds of single head samples and 
the author believes the machine is much more accurate than any 
hand hulling system because no seed is lost from the huller and the 
item of personal reliability” is minimized because once the clover 
head goes into the huller it cannot get out until every clover seed is 
hulled. The clover head is pulverized until it is fine enough to pass 
through the screen with the clover seed. 
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The clover seed was separated from the clover head chaff by pour- 
ing the entire mixture slowly into the ‘‘Bates Laboratory Aspirator'* 
which is commonly used for cleaning grain samples. This aspirator 
proved to be a very satisfactory piece of equipment for cleaning the 
clover seed, A 500-head collection of medium red clover heads can 
be put through both the huller and the Bates aspirator in about 3 
minutes. 

This huller was also used to hull ladino clover and alfalfa. By using 
larger screens and making a few minor adjustments it could also be 
used to hull head samples of wheat and barley —Howard Wm, 
Depariment of Agronomy ^ Pennsylvania State College, State 
College, Pa, 

POLYPLOIDY IN SUGAR BEETS INDUCED BY STORAGE OF 
TREATED SEED 

T he induction of polyploidy in sugar beets by the application of 
a seed treating dust containing 5% ethyl mercury phosphate 
to the seed and to the soil was reported by Lynes and Harris in 1942,^ 
This work suggested the possible induction of polyploidy through 
storage of sugar beet seed treated with small amounts of this material. 
The commercial acceptance of sheared seed in 1942 revived the in- 
terest in seed treatments and subsequent storage problems. Storage 
tests were begun at this time at ail Holly Sugar Corporation factories 
to determine the keeping qualities of sugar beet seed under the 
respective warehouse conditions. Untreated seed and seed treated 
with Improved Ceresan for both sheared and whole beet seed were 
used. The author recently obtained samples of these stored bags 
to determine the presence and extent of induced polyploidy.^ Table i 
shows the results obtained from the stored treated samples. Samples 
of stored bags of untreated seed for all conditions shown in Table i 
were also examined and no indication of polyploidy was obseiwed. 

The number of polyploids induced per 100 sprouts was determined 
by examination of the sprouts produced by duplicate samples of 100 
seed balls each on paper toweling in a Minnesota germinator. Thick- 
ened radicles and hypocotyls were used as evidence of induced poly- 
ploidy.® Studies of the survival of the induced polyploids were made 
by planting seed in greenhouse soil to a depth of H ii^ch. Many of 
the induced polyploids did not emerge from the soil. Death losses and 
reversion to diploids accounted for the majority of the polyploids 
which did emerge. The data show the relatively small number of 
polyploids surviving at the end of 21 days. 

A number of comparisons may be made from the data in Table i. 

^Lynes, F. F., and Harris, C. D. Polyploidy in sugar beets induced by the use 
of colchicine, ethyl mercury phosphate, and other claemicals. Amer. Soc. Sugar 
Beet Tech. Proc., 1942: 304-309. 1942. 

^Credit is due C. E. Cormany, Chief Agronomist, Holly Sugar Corporation, for 
supplying the samples of seed from the storage tests. 

®Artschwager, Ernst. Indications of polyploidy in sugar beet induced by 
colchicine. Amer. Soc. Sugar Beet Tech. Proc., 1940; 120-12 1. 1940. 

^ . Colchicine-induced tetraploidy in sugar beets; Morphological 

effects shown in progenies of a number of selections. Amer. Soc. Sugar Beet Tech, 
Proc., 1942:296-303. 1942. 


Table i. —Polyploidy restdting from storage of treated sugar beet seed. 
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The data from the material stored at Stockton show that the amount | * 

of induced polyploidy for sheared seed is greater when Improved | 

Geresan is used alone than when used in combination with fume | ^ 

phosphate. The Stockton data also show that approximately twice f’ 

as many polyploids were induced when the seed was stored in burlap ; 

bags asVhen stored in paper bags. The variations obtained at differ- 
ent locations indicate the importance of environmental conditions. ■ 

With two exceptions, a larger number of polyploids were induced in J 

sheared seed than in whole seed. The averages for all locations 
of the 2 -year storage samples show almost twice as many induced 
polyploids in sheared, seed as in, whole seed. ^ 

The I year storage material shows variations from o to 17.30% 
induced polyploidy, and the 2-year storage material shows variations 
from 1. 13 to 69.02%. The number of obvious polyploids surviving 
in soil after 21 days is .not large and therefore the occurrence of 
these polyploids in a commercial beet field would not be of im- 
portance. However, under storage conditions where large numbers ' 

of polyploids are ind.uced, the loss of stand due to the death of the j 

polyploids would be important. The fact that polyploidy may be 
induced in sugar beets as a result of storage of seed treated with 1 

Improved Ceresan is important in the case of seed used for breeding 
work or for seed production purposes.— Frank F. Lynes, Beet Seed i 

Breeding Department, Holly Sugar Corp., Sheridan, Wyo, 


RAPID DETERMINATION OF POTASSIUM AND MAGNESIUM 
CONTENT OF APPLE LEAVES 

ANALYSES of leaves for potassium and magnesium have been 
fotind useful in the estimation of the needs of apple trees for 
fertilisers containing those nutrients.^ The data presented hei'e indi- 
cate that the semi-quantitative methods for soil analysis described 
by Peech and EnglislF are accurate enough for this diagnostic work 
and may be substituted for the more quantitative pi'ocedures. 

Sixty composite leaf samples taken in July, 1943, from seven 
commeixial McIntosh apple orchards were used in this study. These 
samples were analyzed for potassium and magnesium by the quanti- 
tative micromethods of PeeclT and by the rapid microchemical tests 
described by Peech and English.^ 

In the preparation of the extracts for the rapid chemical tests, the 
following procedure was followed: One gram of dried leaf material 
was mixed with 50 ml of the extracting solution (sodium acetate 
buffer at pH 4,8), and allowed to stand for 12 hours. Upon addition 
of 50 cc more of the extracting solution, the mixture was transferred 
quantitatively to a Waring blendor cup, and blended for 3 minutes. 
One half teaspoonful of activated carbon (Darco G 60) was then added 

^Boynton, D., and Compton, O. C, Leaf analysis in estimating the potassium 
magnesium and nitrogen needs of fruit trees. Soil Sci., 59:-- , 1945. 

Teech, M., and English, L. Rapid microchemical .soil tests. Soil Sci,, 57: 

1944. 

SPEECH, M, Determination of exchangeable basis in soils. Rapid micro- 
methods. Inch & Eng, Chem., Anal. Ed., 13436-441, 1941. 

^Lqc. ciL 



NOTES 


405 


and the stirring resumed for i minute. The liquid was then filtered 
through a Whatman No. 32 filter paper. The rapid chemical tests 
were made on separate aliquots of the extract, using the turbidi- 
metric cobaltinitrite test for potassium and the colorimetric p~iiitro~ 
benzeneazoresorcinol test for magnesium as described by Peech and 
English.*’ 
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blending; othemise, the first sample mixed in the cud th-it 

to be defend 

^Loc, ciL 
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magnesiunT tended to fade/ It was necessary, therefore, to make the 
comparisons with a series of standards within lo minutes after color 
development. 

In Figs. I and 2, the results of rapid microchemical tests are 
plotted against those obtained by ashing at soo"" C and subsequent 



BY QUANTITATIVE METHOD 

PiG» 2, — Magnesium analyses of the same leaf samples by quantitative and 
rapid microchemical methods* Expressed as percentage of dry weight. 

analysis of the ash solution by the quantitative procedures. In all 
blit one sample the results of potassium determinations by the rapid 
chemical test were within ±0.25% of those obtained by the quanti- 
tative method. Likewise, the agreement between the results of 
magnesium determinations as determined by the rapid chemical 
test and by the quantitative method was within ^0.05%, except 
for two samples that were high in magnesium. 

Apple trees containing less than 0.75% of potassium in the leaves, 
dry weight basis, usually respond to potassium fertilization. McIntosh 
apple trees whose leaves contain 0.20% d.w. or less of magnesium 
usually respond to magnesium supplements when the magnesium 
content of the leaves is less than 0.20% on dry weight basis. Thus, 
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it would appear that the rapid chemical tests dcvScribed by Peech 
and English are accurate enough to permit their use in diagnosing 
potassium and magnesium deficiency in apple trees. 

How useful these tests, will be for leaves of other kinds of plants 
remains to be seen. Thus far they have been applied successfully to 
grape and alfalfa leaves. However, with several samples of cherry 
leaves, it was impossible to obtain clear extracts. Although calcium 
does not interfere with the ;^~nitroben2;eneazoresorcinoI test for 
magnesium on apple leaves, calcium interference may cause serious 
errors when analyzing plant material high in calcium. In this respect, 
the Titan yellow test for magnesium as given by Peech and English® 
may be superior to the ^-nitrobeiizeneazoresorcinol test. — Damon 
Boynton and Michael Peech, Cornell University ^ Ithaca, N. Y. 


^Loc. cit. 
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A PROBE FOR ESTABLISHING THE POSITION OF THE WATER 
SURFACE IN STANDPIPES 

I N DRAINilGE investigations the need for following the position 
of the water table surface frequently arises. To accomplish this, 
standpipes of some sort are installed and the 
position of the phreatic surface in these pipes 
is measured periodically. If the water surface 
is some distance below the upper end of the 
pipe and if the diameter of the pipe is small, 
it is frequently difficult to measure ac- 
curately the position of the water surface. 
The device herein described enables an opera- 
tor to determine with accuracy the water- 
table elevation in standpipes having a diam- 
eter of I inch or less. 

The measuring device consists of a gradu- 
ated copper probe rod, a 45-volt battery, a 
500-ohm resistor, and a small milliammeter. 
The construction and operation of the device 
can best be devscribed with the aid of Fig. i. 
The probe consists of a 5-foot length of fl- 
inch copper tubing on which a scale graduated 
in o.i-foot units is painted. One strand of 
a rubber-covered zip cord inside this tube is 
soldered to a small brass machine screw 
hrmly embedded in a rubber insulator which 
in turn is incased in a i -inch length of 3^-inch 
copper* tubing soldered to the lower end of 
the probe. The second strand of the zip cord 
is soldered to the upper end of the copper 
probe. The 5-foot zip cord is connected 
serially through a 500-ohm resistor, a 45-volt 
“B” battery, and a small milliammeter. The 
resistor is provided to protect the milliam- 
meter in the event of a short-circuit. The 
battery, resistor, and milliammeter can be 
mounted in a small box having inside dimen- 
sions of about 5X5X3.5 iucb^s which can 
be placed on the ground near the standpipe 
■while the probe is inserted in the pipe. 
When the lower end of the probe contacts 
the water smdace, current flows through 
the circuit causing the needle of the mil- 
liammeter to deflect. The position of the 
water surface is then recorded in terms of 
the position of the probe scale and the top 
edge of the standpipe, which is the usual 
datum. 

Two of these probes were used during the 
past year during which time over 3,060 
measurements were made. No difficulty 
was experienced in reading the position of 
“the water table to the nearest 6.05-foot in less than 15 seconds. — 
B. Russell, Department of Agronomy, Iowa State College, and 
Division of Research, Soil ConsermUon 




Fig. I . — A probe for 
e.stablishing the posi- 
tion of the water 
surface in sandpipes. 
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BOOK REVIEW 

SOIL SURVEY OF SOUTHERN SASICATCHEWAW 

By J. Mitchell, H, C. Moss, and J. S, Clayton. University of Saskat- 
chewan, Saskatoon, Saskatchewan: Soil Survey Report No. 12. VIII + 
2 Sg pages. Ulus. 1944- $1.00. 

D octor Mitchell and his associates are to be highly compli- 
mented for a soil survey report that is refreshingly outstanding 
in both the scope and manner of presentation of soil data covering 
a large area. The report to an unusual degree is a combined account 
of the soil geography of southern Saskatchewan, a text on fundamen- 
tal soil vscience, and a fanners' bulletin on soil management. An 
appreciation of the immensity of the work involved can perhaps 
be obtained when it is realized that the survey covers 96,000 square 
miles, an area approximately equal to that of Oregon, the ninth 
state in size in the United States. The map is published in four sec- 
tions on a scale of i inch equals 6 miles. 

As to be expected for an area of this size and published on the 
above scale, the survey is reconnaissance in nature rather than 
detailed. The authors explain that the methods of classification and 
mapping have been derived from the Russian school of soil science, 
the American system of soil survey, and the earlier smweys and 
studies earned on in Saskatchewan and the other prairie provinces 
of Canada. A marked feature is the use of “Soil Associations" as 
the basic unit of classification, mapping, and discussion. The use of 
“Soil Association" is taken from Manitoba and differs from its 
use here in the United States, as exemplified by soil maps in the 
U. S. D. A. 1938 Yearbook. The definition given in the report, “A local 
association of soil group profiles developed upon similar parent ma- 
terials and belonging to the same soil zone", shows that the concept is 
similar to that of catena as used in the United States. 

Descriptions of 42 soil associations occupy iig pages. Each asso- 
ciation is identified by a geographical name and described in terms 
of the nature of the parent geological material, the character of 
the individual kinds of profiles making up the association, and the 
appearance of the landscape, as conditioned by land use, topography, 
soil color, and vegetation. A detailed profile description is given 
of the dominant soil within each association, and the character of 
each of the associated members is indicated by such terms as the 
solonetz member, the shallow knoll member, the poorly drained member, 
and the calcareous earth member. A sub-heading, “Agriculture", dis- 
cusses relations of the individual members of the association to land 
use and management. 

The 42 associations are grouped in the report and on the map as 
classificational units of the zonal great soil groups or soil zones. Thus, 
there are 8 associations listed under the Brown soils, B under the 
Dark Brown soils, 12 under the Black soils, 7 under the Degraded 
Black soils, and 7 under the Grey (Podzol) soils. 

Miscellaneous soils are grouped and discussed separately. They 
include Alluvium, Alkali (Saline) Soils, Peat (Bog) Soils, Dune 
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410 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

vSands and Undifferentiated Sands and Gravel Deposits, Eroded 
(Truncated) Soils, Depression (Bluff) Podzols, and Dissected 
Plateau Complex, 

In addition to the more detailed discussion of individual soil 
association, the section “General Description of the Area” gives an 
excellent summary of the general topography, of drainage condi- 
tions, of surface geological deposits, and soil parent material, of 
the climate, the native vegetation, the natural resources, agricultural 
and nonagricultural, transportation and marketing facilities, and 
the history and development of the province. 

The sections of “Soil and Plant Relationships” and “Soil Classifica- 
tion” are well written expositions of these aspects of soil science and 
justify the charge that the report is in part a text in fundamental 
soil science. Another special section of scientific interest is “Geology 
and its Relationship to Soils in Saskatchewan”, prepared by Profes- 
sor Edmunds. 


Two sections, “Soils and Agriculture” and “Land Utilization and 1 

the CoOvServation of Land Resources”, contain information on the ‘ !; 

relative suitability and grouping of the soils for wheat production, | 

on the importance of a knowledge of soil conditions to farm manage- f 

ment, and on the land resources of the entire province. The principal ! 

soil problems are discussed and presented under the subheadings i 

soil erosion, soil fertility, commei’cial fertilizers, farm manure, sum- I . 

mer fallow, and soil alkali. If 

A separate section, “The Composition of Saskatchewan Soils”, I 

and an Appendix with definition of soil textural classes, topographic 
classes, stony phases and soil structural aggregates, and tabular f 

summaries of acreages of soil associations by topographical phases, 
important plant species, soil separates, and census data, illustrate I 

further the tremendous amount of important information packed I 

betweeix the covei's of this report, | 

Each of the four sheets of the map is complete with heading and J 

legend. The different soil areas are separated by solid black boundary } 

lines, and the kind of soil is identified on the map by the use of colors, j 

letter combinations, and symbols. In general, the color of any I 

particular portion of the map identifies the soil texture. The letter 1 

combinations indicate the soil association and textural class. The i 


topographic classes and stoniness are shown by rulings and symbols. 5 

It is indeed unfortunate that the section lines are printed so heavily j* 

because they tend to dominate the map and overshadow and confuse I 

the other information. I 


The entire text is very effectively illustrated by maps, drawings, 
and photographs. 

It is to be noted that certain differences exist in the nomenclature 
between Saskatchewan and the United States. For example, the 
hard columnar structure referred to in the report is the prismatic 
structure of this country, 'whereas the columnar structure of this 
country is the round-topped columnar structure used in the report. 
Likewise, the terminology of the Great Soil Groups differs in that 
no reference is made to Chestnut and Chernozem— the established 
names in this country for the Dark Brown and Black soils of the 
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report. The classificational breakdown is somewhat different also 
that the “soil member” appears to be comparable to the soil 
of this country, although evidently no provision is made for 
same soil member (such as the poorly drained member) to be re- 
cognized in more than one “soil association.” In this country a few 
poorly drained soils appear in more than one catena. 

To one who has spent some time in the Great Plains to the 
across the international boundary, and to one who also has been 
concerned with the general form and content of soil suiwey reports, 
this report is particularly pleasing because of the comprehensive 
and balanced point of view evidenced by the authors and their able 
presentation of the information obtained by the survey. We are 
glad to recommend this report highly to readers of the Journal 
despite our regret that the nomenclature in Saskatchewan and this 
country is not everywhere consistent.— J. Kenneth Ableiter. 


AGRONOMIC AFFAIRS 

PROPOSED INTER-AMERICAN SOCIETY OF SOIL SCIENCE 

AT THE Second Inter- American Conference of Agriculture held 
in Mexico City in July, 1942, a resolution was passed recom- 
mending that an Inter- American Society of Soil Science be organized. 
It also provided for a committee to draft the statutes for such an 
organization. The Mexican soil scientists Miguel Brambila and 
Antonio Rodriguez have drafted a constitution which will be pro- 
posed for adoption at the Third Inter-American Conference on 
Agriculture to be held in Caracas, Venezuela, in July, 1945. 

The representatives of the United States to this Conference 
should have suggestions from their colleagues on this proposal. 
Copies of the proposed constitution are being mailed to the Execu- 
tive Committte of the Soil Science Society of America and to the 
Joint-Committee on Cooperation with Foreign Scientists. Any other 
member of the Society who is interested in this proposal may obtain 
a copy of the constitution for examination by writing to Doctor 
Richard Bradfield, Department of Agronomy, Coniell University, 
Ithaca, New York. 

NEWS ITEMS 

According to Science, Doctor George H. Shull, Professor of 
Botany and Genetics, emeritus, of Princeton University, has received 
a citation of distinguished service from the New Jersey State Board 
of Agriculture in recognition of discoveries which led to the develop- 
ment of hybrid corn and for his years of service in the science of 
genetics at Princeton. 


^ Doctor Gilbeart H. Collings, Professor of Soils at the Clemson 
Agricultural College, Clernson, S. C., has recently been reelected 
for the third time as President of the Pendleton Farmers Society. 
1 he Society is one of the oldest farmer organizations in the United 
States, having been founded in 1815. 
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Doctor J. B. Hester has resumed his work as Director of soil 
and nutritional research, Canipbeirs vSoup Company, at Riverton, 
N. J. Doctor Hester returns to his duties after almost three years' 
service in the Army, which he entered as a First Lieutenant and in 
which he advanceci to the grade of Major. Most of his service was 
in the Caribbean area. 

_A__ 

Chester F. Hockley, President of The Davison Chemical Cor- 
poration, Baltimore, Md., announces the appointment of Charles J. 
Brand, for nearly 20 years chief executive officer and treasurer of 
The National Fertilizer Association and recently retired, as consultant 
to the President, effective May I, 1945. 

Doctor Robert E. Horton, hydraulic engineer and contributor 
to the Proceedings of the Soil Science Society, died at his home 
in Voorheevsville, N. Y., on April 22 from a heart attack. He was 69 
years of age. 

The announcement in the April issue of the Journal regarding 
Doctor R. W. Cummings should have read Assistant Director rather 
than Director of the North Carolina Agricultural Experiment Sta- 
tion.^ Doctor L. D. Baver continues as Director of the Experiment 
Station and is also serving as Associate Dean and Director of Instruc- 
tion in Agriculture. Doctor C. H. Bostian, Professor of Zoology 
(Genetics)^ and Poultry Geneticist for the Experiment Station, has 
been appointed Assistant Director of Instruction in Agriculture. 

'■ ^A_ ■■ 

Professor E. V. vStaker, formerly research agronomist at Cor- 
nell University, has been appointed agronomist in the Nebraska 
State Chemurgy Project at the University of NebrawSka, Lincoln, 
Nebr. 


I 
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THE EFFECT OF CALCIUM ON YIELD AND QUALITY OF 
LARGE-SEEDED TYPE PEANUTS 1 

W, E. Colwell and N. C. Brady^ 

O NE of the principal objectives in a research program concerned 
with the nutrition of peanuts is that of obtaining good kernel 
development, or, conversely, reducing the number of unfilled ovarian 
cavities (“pops’ Although the use of certain calcic materials 
has been known to be beneficial in the formation of well-developed 
kernels, their addition to soils of the peanut area of the soitth eastern 
states has not produced favorable results in many of the reported 
experiments. Furthermore, the effects reported from the use of lime- 
stone and , gypsum as sources of calcium are quite different. Those 
working with the problem are continually confronted with certain 
inconsistencies in results that have been inadequately explained. 
These facts are well brought out by West’s recent compilation of 
experimental results obtained in the southeastern states over a 
long period of years (5),^ together with the two recent summaries 
of data obtained in North Carolina (2, 3). 

The purpose of the present study was to investigate certain factors 
which afiiect the response obtained from large-seeded varieties of 
peanuts to calcium additions. Vaiietal diflferences with respect to 
calcium nutrition are to be reported in a subsequent paper. Results 
are reported from field experiments . in which particular attention 
was given to (a) comparisons of two different practices used to supply 
calcium, (b) the placenpnt of gypsum, and (c) chemical characteris- 
tics of the soils on which the experiments were located. Improved 
technics described in detail below were used to evaluate the behavior 
of the peanut plant to calcium variables. 


Contribiition from the Department of Agronomy, North Carolina Agricul- 
tural Experiment Station, Raleigh, N. C. Published with the approval of the 
Director as Paper No. 202 of the Journal Series. Received for publication Tannarv 

29-1945.. 

^Associate Agronomist and Assistant in Agronomy, respectivebc For the 
statistical analyses the authors are indebted to the Department of Experimental^ 
Statistics, ■, ■■ 

Wpeaniit fruit has one or more compartments, in each of which one kernel 
may form. An individual compartment is referred to as an ovarian cavity. 

Tigures in parenthesis refer to “Literature Cited”, p. 428, 

■ 4x3'''^ 
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MATERIALS AND METHODS 
DESCRIPTION OP CALCIUM VARIABLES 

The effects of limestone and gypsum on yield and quality of peanuts were 
studied on soils of widely different levels of exchangeable calcium. The limestone 
treatment in all cases consisted of the application of dolomitic limestone (52% 
CaCO:j, 40% MgCOi? and around 50% passing a x 00-mesh sieve) at the rate of 
400 pounds per acre placed in the row at the time of planting. Unless otherwise 
specified, the gypsum treatment consisted of the application of commercial 
landplaster at tire rate of 400 pounds per acre placed on the top of the row when 
the peanuts were in early bloom. Since differentials with respect to source, 
placement, and time of application are involved in these studies, the data provide 
only one strict comparison, that of the effects of two procedures used to supply 
calcium. 

The experiments on placement of gypsum were conducted on soils known from 
previous experience to require calcium additions for adequate development of 
peanut fruit. Gypsum was added to two zones of the soil corresponding to the 
fruiting and rooting media of the plant. The fruiting medium is considered to be 
that portion of the soil in which fruit develop, usually the surface 2 to 4 inches. 
The area of soil below the zone of fiTiit development is referred to as the rooting 
medium. It is recognized, however, that there is no sharp boundary between these 
two zones. 

In establishing placement differentials, the rooting zone application was made 
b}^ placing gypsum 3 to 5 indies below the seed at the time of planting. The 
fruiting zone application was made by placing it on top of the row at the early 
blooming .stage. Thus, a differential with respect to time of application as well 
as to placement of gypsum is involved in these comparisons. 

MEASUREMENTS OF FRUIT QUALITY 

In an attempt to obtain greater accuracy and precision in measuring fruit 
quality than the usual technics provide, a rather detailed classification was made 
of fruit picked from the vines by hand at the time of digging. From lo to 20 
plants were carefully removed from each plot, an attempt being made to select 
those not adjacent to a skip in stand. The fruits were detached immediately, 
bagged, and dried for several days in a heated barn. The samples were taken to 
the lalx)ratory where all foreign material was removed. The fruits were l^roken 
open one at a time and classified according to the diagram in Fig. i . 

The number of ovarian cavities of each fruit was first determined. In most 
cases it was simply a matter of observation to determine if the number were 
three, two, or one. The next step was to determine, in a given fruit, the iumiber 
of well-developed kernels, either three, two, one, or zero, and to place the kernel 
and shell separately in labeled beakers sitting in the appropriate positions on the 
table. Immature fruit were kept separate, as shown in the diagram. If any por- 
tion of the kernel or .shell showed evidence of disease, both were placed in the 
diseased subdivisions. 

After the fruit constituting a given sample had been classified, the number in 
each of the 24 categories was recorded. Although the numbers of immature fruit 
were obtained, they were not used in subsequent calculations. The total number 
of ovarian cavities or ''kernel possibilities” from mature fruit in each sample 
was calculated. For example, if there were in the ”3-cavity”, the ‘'2-cavity”, 
and the ‘‘i -cavity” size groups, 20, 500 and 100 fruits, respectively, the total 
number of cavities wmuld be (3 X 20) + (2X500) + (i X 100), or 1,160. If out 
of this number of possibilities, there w^ere a total of 464 well-developed kernels 
irrespective of distribution among the three fruit sizes, the percentage of cavities 
filled would be 40. In basing calculations on the total number of cavities instead 
of the number of fruit, proper weight was given to each of the fruit sizes. 

The chief difficulty encountered in this classification was that of differentiating 
between fruits with immature kernels and those with ovules which had ceased 
developing ("pops”). Two features were used to facilitate this separation, color 
of the inside of the shell and kernel size. Dark veining on the inner sides of the 
shell and very small kernel size were considered evidence for classification as a 
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The weight of kernels (mature only) from each of the separate vsubdivisions 
ill the ‘^2 cavity” and. the ”i: cavity” categories was recorded. The kernels from 
all subdivisions including those of the ”3-cavity” fruit (not weighed separately) 
were then combined and the large and medium kernels^ were separated from the 
remainder and weiglied. By multiplying this value by lOO and dividing by the 
total w^eight of the clean unshelled samples, the “true shelling per cent” was 
obtained. 

The procedure used in classifying fruit in 1942 differed somewhat from that 
described above. The fruits were obtained from the field in the same manner but 
were classified into one of the five following categories without regard to the 
number of cavities in a shell: (a) Well-developed fruit, (b) half “pop" (at least 
one empty cavit)^ in the 2- and 3-cavity size groups), (c) “pops” (no well-devel- 
oped kernels), (d) immature, and (e) diseased. The number of fruits in each 
category was determined and using as a basis the total number of fruits examined, 
the percentage of fruit in each category was calculated. True shelling percentages 
were calculated by the method already described. 


MEASUREMENTS OP YIELD 

When dug, the peanuts from each plot*^ were stacked separately and, after cur- 
ing in the field, were threshed by a commercial picker. Plot yields were obtained 
direct weighing of the threshed peanuts. As a means of adjusting yields to 
a uniform shelling percentage, samples of 500 to 1,000 grams were taken from 
each plot, weighed, cleaned, and then shelled by a small electrically powered 
shell erd The “large and medium" kernels (4) were separated from the remainder 
of the sample by passing the shelled nuts over a screen with rl X r inch perfora- 
tions. Their weight was divided by the weight of the entire weight of each sample, 
iiicluding trash. When expressed on a percentage basis, the quotient is termed 


^Large and niedium kernels are defined as those which do not pass through a 
screen having X i inch perforations. In sheliitig operations some of the large 
and medium kernels were broken and although the halves passed through the 
screen, their weight was added, to that of those remaining on top. 

“Plot size 1/50 acre at locations, ENE, WAT, HSE, UCP, JPM, DGC, and 
CL.B; I /lOO acre at locations, RPF, fWR, ZRW, RD, MLW, and MPW. 
(Initials of cooperating growers.) 

^The authors are indebted to J. D. Blickle and N. C. Teter, Department of 
Agricultural Engineering, North Cai'olina Agricultural Experiment Station, for 
their assistance in building the sheller used in this work. 
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‘'correction factor”. In adjusting field weights to pounds per acre shelling 6o% 
large and medium kernels, the following formula was used: 

Field weights (lbs. /A) X correction factor (%) 

Corrected yield (Ibs./A) — — 

6o 

The correction factor differs from true shelling percentage in that it is based 
on a machine- threshed sample containing considerable amounts of trash; When 
the variable trash content is considered together with the fact that many pops 
are blown out with the hay during threshing, it is evident that quality of peanut 
fruit is not accurately reflected by the correction factor. 

ANALYTICAL METHODS® 

Exchange properties of the soils were determined by an ammonium acetate 
procedure (Assoc. Off. Agr. Chemists) and are expressed as M.E. per lOO grams 
of soil. Phosphorus was extracted by 0.002N H2VSO4 (Truog), and organic matter 
was determined by dry combustion (Assoc. Off. Agr. Chemists). The reported 
data are average values b'om four separate samples, each of which consisted of 
20 portions of soil from the plow layer of the unfertilized plots. 

RESULTS AND DISCUSSION 
EFFECTS OF LIMESTONE AND GYPSUM TREATMENTS 

In Table i are presented data obtained in 1942 on two soils, a 
Ruston sand and a Norfolk sandy loam. The former was one of 
low fertility?- level and low exchangeable calcium, 0.45 M. E. per 
100 grams. The latter soil was one of higher feiTility level and the 
exchangeable calcium content was x. 19 M. E. per x 00 grams. 

It will be noted that gypsum exerted a marked beneficial effect 
upon yield and quality of fruit. This was particularly pronounced 
on the soil lower in calcium. The limestone application, how^ever, 
did not meet the calcium requirements of the fruit on the low calcium 
soil, and even on the soil higher in calcium it produced fruit of lower 
true shelling percentage than did gypsum. 

Further comparisons on the effects of limestone and gypsum on 
yield and quality of peanut fruit were made in 1943 at four locations 
where the level of soil calcium varied from 0.21 to 1.15 M. E. per 
ioo grams. The results of these studies are reported in Tables 2 and 3 . 
It will be noted that the gypsum treatment resulted in a marked 
increase in the yield and an improvement in the ciuality at all loca- 
tions. It was far superior to the limestone treatment in this respect. 
As brought out in the 1942 results, the beneficial effect of gypsum 
is less pronounced on a soil of relatively high calcium level (i . 1 5 M. E. , 
location RD). Even here, however, kernel development was favored 
by added calcium. Data in Table 2, as well as those in Table i, 
illustrate the inadequacy of the correction factor as a means of 
evaluating fruit quality. This was true for all experiments and 
reporting of all the correction factor data was considered unnecessary. 

Prom five rotation experiments, more data are available to com- 
pare the effects of limestone and gypsum on yield and quality of 


^Soil analyses were made under the supervision of T. R. Piland, Associate 
Soil Chemist. 
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large-seeded type peanuts/*^ These experiments were located on soils 
varying in exchangeable calcium from 0,59 to 2.21 M, E. per 100 
grams. 

Table i, —Effects of limestone and gypsum treatments on ^ yield and g^uality of 

Virginia Bunch peanuts produced on two soils in I g42:^ 


Treritmeiit 

Total ^ 
fruit i 
examined i 

Percentage 

fruit 

True 
.shell- ! 
hig 1 

% 1 

Cor- 

rection 

factor 

% 

Cor- 
rected 
yield, 
lbs. per 
acre 

Soil analysis 

Well 

filled 

Half 

“pops” 

Check 

Gypsum. . . . 
Limestone. . 

L.S.D. (.05) 

2,992' 

3,702 

835t 

! 

1 

I 

31 

4 

’^.uston S 

9 

28 

19 

i 

■and (JI 
12.6 
55*2 
26.2 

7.1 

^M)t 
^ 32.5 

58.0 

344 

: 26.2 

! 

359 

1,669 

612 

373 

pH -6.0 

Ex. cap. —2.66 
Ex. Ca ==0.45 
% Ca sat. =17 
Ex. Mg =0.18 
Ex. K =0.05 

%0.M. -i.o 
P, p.p.rn. =32 


Norfolk Sandy Loam (DGC) 


Check 

1,386 

19 

21 ' 

34.3 

57-0 

1,479 

IpH 

= 5-6 

Gypsutii .... 

956 

43 

24 

654 

66.0 

1,642 

Ex. cap. 

= 34 

Limestone , . 

955 

27 

27 

43.1 

63.0 

1,707 

Ex, Ca 

= 1.19 







1 

% Ca sat. 

= 35 

L.S.D. (.05) 




25.0 

None 

None 

Ex. Mg 

-0.26 






Ex.K 

=0.10 








% O.M. 

— 1.2 








P, p.p.m. 

-88 


replications. One plot of each treatment except the check received a base application of 
32 pounds of PaOs from i6% superphosphate. Since the phosphate had no measurable effect upon 
yield or quality, the values of the two series were averaged, 
tinitials of cooperating growers used to designate location. 
jOnly one fourth as many plants taken from limestone plots. 


Data from location ENE presented in Table 4 show the yield and 
quality of the Jumbo Runner variety as affected by calcitun treat- 
ment on, a soil with an exchangeable Ca content of r.39 M. E. per 
1 00 grams. Plots receiving gypsum produced fruit of a better quality 
and higher yields than those receiving limestone or left untreated. 
The beneflcial effect of gypsum in 1943 is the most pronounced of 
any obtained during the 6-year period the experiment was in progress. 
The summer of 1943, from mid-July through August, when maximum 
fruit development occurred, was extremely dry. It is not known, 
however, whether these weather conditions were in part responsible 
for the response from supplementary additions of readily available 
calcium, or whether a similar response may be regularly expected 
on a soil of this calcium level. 


^ ^Experiments initiated in 1938 by E. R. Collins and J. J. Skinner of the TJ. S. 
Dept, of Agriculture and completed in 1943. 
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Table 2 \-~~Effects of limestone and gypsu7n treatments on the yield mid quality 
of Virginia Bunch peanuts produced o?i two soils in iq4j* 



Total cavities 

True 

Correc- 

tion 

factor 

% 

Corrected 


Treatment 

Examined 

% 

filled 

shelling - 

or 

/o 

yield, lbs. 
per acre 

Soil analysis 


Norfolk Loamy Sand (RPF) 


Check 

Gypsum . . . 
Gypsum t • . 
Liniestonef 

L.vS.D, (.05) 
L.8.D. (.01) 


2,180 

16.3 

28,3 

40.6 

271 

3 »t >92 

51-8 

60.2 

61,6 

1485 

3.316 

46.1 

55*5 

57.1 

1,698 

2,872 

24.8 

39.9 

49.1 

547 


6.7 

8.4 

II.7 

356 


9.0 1 

U.2 

15.7 

478 


pH 

Ex. cap. 
Ex.Ca 
% Ca sat. 
Ex. Mg 
Ex. K 
%0.M. 
P, p.p.m. 


= 4.7 

= 2.34 
= 0.21 
=9 

= 0.17 
=0.04 
= 0.9 
= 34 


Norfolk Sand (FWR) 


Check 

2,372 

12.5 

28.5 

46.4 

1 373 

pH =4,6 

Gypsum . . . 

1,888 

42.2 

48.6 

57.5 

837 

Ex. cap. —1.98 

Gypsum I . . 

2,012 

39-0 

49-7 i 

60.1 

1, 186 

Ex.Ca =0.54 

Limcstonef 

2,540 

12.7 

28.5 

46.5 

333 

% Ca sat. =27 
Ex. Mg ~o,2i 

L.S.D. (.05) 


9-1 

8.2 i 

4.8 

238 

Ex. K - 0.04 

L.S.D. (.01) 

I 

12.2 

10.9 

6.4 

319 

% 0 .M. -i.o 
P, p.p.m. -29 


*Four repHcations. 

fBase treatment oi 45 pounds KaO per acre. 


Also shown in Table 4 are results obtained on a Ruston sandy 
loam having an exchangeable calcium level of 0.68 M, E. per 100 
grams. Both the limestone and gypsum treatments improved the 
quality of peanut fmit, but only the limestone treatment significantly 
increased the yield. At least two factors are considered partly re- 
sponsible for this behavior. First, the particular strain of Virginia 
Bunch peanuts, used in this experiment was a small-seeded type, 
which, from supplementary data obtained on varietal response to 
calcium, would be expected to have a relatively low calcium re- 
quirement for normal fruit development. Second, there was severe 
leaf defoliation in this field which was particularly pronounced in 
the plots receiving gypsum. This may account for the higher yield 
of the plots receiving dolomitic limestone, particularly since good 
fruit quality was obtained by this treatment. The data are con- 
sidered significant in that they bring out at least one set of condi- 
tions under which limestone treatment was superior to that of 
gypsum for the production of peanuts.^^ 

^*^Discussed in a later report. 

effect of magnesium contained in the dolomitic limestone is thought to 
be of minor significance since plants from plots receiving limestone plus gypsum 
were defoliated to the same degree as those receiving gypsum alone and yielded 
no higher. Had magnesium been directly responsible, the combination treatment 
might have been expected to result in yields higher than those obtained from the 
g3?psum treatment. 
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Table 3.— Effects of limestone and gypsum on the yield and quality of Virginia 
Bunch peanuts produced on two soils in I Q 43 * 


location 



Total cavities 

True 

Corrected ! 


Treatment 



. shelling 

yield, lbs. 

Soil analysis 


Examined 

1 

% filled 

% 

per acre 



Ruston Sandy Loam Deep Phase (ZRW) 


Check 

Csypsum. , 
Gypstimf. , , I 
Limestonef . 

L,SJ). (.05) 
L.S.D. (.oi) 


1,650 

10,8 

20.9 

251 

L 959 

41.0 

55-4 

L155 

1,878 

3 S -9 

51.6 

1,603 

2,292 

194 

35.6 

466 


8.5 

8.0 

1 

701 


114 

1 10,7 

974 


pH =5.1 
Ex. cap. =2.78 
Ex. Ca. ==0.54 
% Ca sat. = 17 
Ex. Mg ==0.25 
Ex. IC =0.04 
%O.M. =1.4 
P.p.p.m. =40 


Ruston Sand (RD) 


Check i 

1,260 i 

33.8 

31.9 

842 

pH =5.6 

Gypsum. . . . 

1,596 

45-1 

45-6 

1 , 1 17 
1,265 

Ex. cap. =4.06 

Gypsumt. . • 

1,660 

52.5 

49.7 

Ex. Ca =1.15 

Limestonef . 

2,160 

14.6 i 

^4.3 

442 

% Ca sat. =28 
Ex. Mg =0.40 

L.S.D. (.05) 


13.0 

4.0 

292 

Ex. K * =0.12 

L.S.D. (.01) 


17-3 

5.3 

389 

% 0 .M. -3,0 
P, p.p.m. —86 


replications for location RD, two for yield data from location 2 IRW, and three for 
data. Portion of last experiment lost. fBase treatment of 45 pounds KicO per acre. 


quality 


Table 4, — Effects of limestone and gypsum treatments on the yield and quality of 
peamits from rotation experiments at two locations in 1943 * 


Treatment 


Total cavities 

True 

Corrected 


. i 


shelling 

yield, lbs. 

Soil analysis 

Examined 

% filled 

% 

\ '■ 

per acre 

1 , ' 

. ■ 


Check. ..... 

Gypsum. . . . 

Limestone . % 

L.S.D. (.05) 
L.S.D. (.01) 


Check, . . . . 
Gypsum . . . 
Limestone. 


Dunbar- Lenoir Pine Sandy Loam (ENE) 


L.S.D, (.05) 
L.S.D. (.05), 


1,878 

34-0 

39‘5 

1,451 

1,279 

50.3 

50-5 

1,750 

1,335 

35.S 

38-7 

1,480 


174 

14.9 

139 


26.3 

22.6 

•85 


Ruston Sai 

idy Loam 

''AT) 

1,752 

40.9 

1 51-5 

1 L 499 

1, 608 

70.7 

1 65.0 

' 1,683 

L509 

754 

654 

1,856 


16.1 

5-7 

282 


■24.4 

8.6 

381 


pH 

Ex. cap. 
Ex. Ca 
% Ca sat. 
Ex. Mg 
Ex.K 
%O.M. 
P, p.p.m. 


pH 

Ex. cap. 
Ex. Ca 
% Ca sat. 
Ex. Mg 
Ex.K 
% O.M. 
P, p.p.m. 


ENZ'lTnSfS" 


==5.5 

= 3.34 

= U39 

= 43 
= 0.29 
- .08 
== 1.2 ■■ 
= 60 


"= 5*5 
=2.57 
==0,68 
=26 
~ .22 
= .07 
- .9 

= 31 
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In Table $ are presented tlie data from two rotation experiments 
in which the levels of calcium were greatly different. At location 
HSE, where the calcium content was 0,59 M. E. per 100 grams, 
the qttality of peanuts was improved somewhat by the use of gypsum, 
although the yield was not appreciably affected by this treatment. 
The slight benefit of added calcium on this soil of relatively low 
calcium level may be due, at least in part, to the higher calcium 
level of the subsoil, 1.66 M. E. per 100 grams. 


Table 5, — -Effects of gypsum on the yield and qtiality of Virginia Bunch peanuts 
from rotation experi 7 ne 7 its at two locations m 1043, 


Treatment ; 

Total 

fruit 

examined 

Percentage fruit 

True 

shelling 

. % 

Corrected 
yield, lbs. 
per acre 

j 

Soil analysis 

Well 

tilled 

Half 

“pops” 

Check : 

Gyp.surn . . . i 

L.S.D. (.05) i 
L.S.D.(.oi) 

1 

i 

Dunl 
3.1S7 ; 

2,486 

bar-Len 

33a 

5 m 

25.2 

41.8 

Loir Pine S 

15.0 

21.3 

1 

landy Loa 

44-8 

60.6 

19.8 

32.8 

im (HSE) 
724 

908 

pH =5-1 

Ex. cap. —2.59 
Ex, Ca • = 0.59 
% Ca sat. =23 
Ex, Mg =0.24 
Ex. K =0.07 

%0.M. ==0.7 
Pjp.p.m.— trace 


Norfolk Pine Sandy Loam (UCP) 


Check 

1 2,552 1 

65-3 

21.7 

; 66.2 

1.596 1 

pH =5.6 

Gypsum . . . 

2,382 

, ! 

62,9 

21.5 

1 67,2 

1,564 ! 

Ex. cap. =4.02 
Ex. Ca -2.21 

L.S.D 

, 





%Casat. = 55 
Ex, Mg. -0.38 


None 


None 


Ex. K ==o.io 







%0.M. -1.3 
P, p.p.m. =38 


The calcium level at location UCP was extremely high, 2.2 1 M. E. 
per 100 grams, and it is of particular interest to note that gypsum 
was without effect upon either yield or quality of peanuts. Further- 
more, no response was obtained from added calcium during any of 
the 6 years that the experiment was in progress. The true shelling 
percentage of the fmit produced in this soil in 1942 without the 
addition of calcium is higher than that of fruit produced on the 
gypsum-treated plots in any of the other experiments conducted. 
The value of maintaining a high calcium level in the soil instead of 
relying upon localized applications of either limestone or gypsum 
for each crop is brought out by these data. 

PLACEMENT OF GYPSUM 

The effect of gypsum placed in the rooting zone at the time of 
planting was compared to that exerted by an application made to 
the fruiting zone at the early blooming stage. The experiments 
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were conducted on soils known from previous experience to require 
added calcium for noimial kernel development. 

Data in Tables 6 and 7 show that gypsum placed in the fruiting 
area was more effective in the formation of good quality peanuts 
than that placed in the rooting area. The latter treatment, however, 
resulted in some improvement at one location. When the two place- 
ment treatments were combined, with a consequent application of 
800 pounds per acre, yield and quality were higher than those 
obtained from either single application. 

Strict comparisons on the effects of placement cannot be made since 
gypsum was applied at two different times. The effectiveness of the 
fruiting medium treatment, however, is in agreement with results 
of certain preliminary nutrient culture experiments conducted by 
Burkhart and. Collins (i). They found gypsum applied in the fx'uiting 
zone to be important in kernel development. Their results have 
been substantiated by those from a somewhat more elaborate in- 
vestigation conducted by the authors, the results of which are as 
yet unpublished. 


Table 6r~-Effed of placement of gypsum on yield and quality of peanuts on Norfolk 
fine sandy loam, deep phase, in 1942 


Gypsum 

appHcationf 

j 

Total 
fruit 
exam- 
ined , 

Percentage 

fruit 

True 
shelling 
% , 

Cor- 
rected 
yield, 
lbs. per 
acre 

Soil analysis 

Well 

filled 

Half 

“pops” 

None 

2,057 

2,915 

2,593 

9 

19 

49 

6.8 

9.1 

12 

24 

15 

24.9 

40.5 

52.9 

7-3 

9-9 

1 

364 

878 

L595 

417 

pH -6.1" 

Ex. cap. ==2. 10 
Ex, Ca =0,21 
%Casat. ==io 
Ex. Mg —0.16 
Ex. K =0.06 
%0.M. -0.8 
P,p.p.m. =30 

Rooting medium. 
Fruiting medium . 

L.S.D. (.05) ..... 


replications. 

fRate ~ 400 pounds per acre. 


Although the evidence has shown rather clearly the beneficial effect 
of calcium placed in the fruiting zone at the early blooming stage, 
it is apparent that the addition of gypsum in one of the experi- 
ments has completely eliminated the occurrence of unfilled fruit. 
For example, at one location (RPF) gypsum increased the yield 
from 271 to 1,485 pounds per acre, yet even with this treatment the 
percentage of cavities filled was only 51.8 (Table 2). In some experi- 
ments the value was stilUower, Furthermore, only 65.3% of the fruit 
were filled at the location UCP where the exchangeable calcium 
level of the soil was 2.21 M. E. per 100 grams and where no response 
from added calcium was obtained (Table s)- It is apparent that 
the potential productive capacity of a given plant has not been 
reached. 



JOURNAL OP THE AMERICAN SOCIETY OF AGRONOMY 


Table 7. — Effect of placement of gypsum on yield and quality of peanuts on Kalmia 
loamy sand in I P43 {MLW)* 


1 

Ctypsuni 

applicationf 

Total cavities 

True 

.shelling 

% 

Corrected 
yield, lbs. 
per acre 

Soil analyvsis 

Examined 

% filled 

None. ; . . . 

3.284 

26.5 

31-7 i 

419 

pH =5-3 

Rooting meditim 

3,588 

19.7 

31-9 1 

334 

Ex. cap. =3.13 

Fruiting medium 


59-8 

60.3 1 

842 

Ex. Ca — .50 

Jiotb media 

3,500 

70,7 

' 

56.8 

1,028 

%Ca sat.™ 16 
Ex. Mg =0.27 

L.S.D. (.05) 


12.4 

II. 0 

271'- I 

Ex. K ~ .12 

L.S.D. (.01) 


16.7 : 

14,8 

366 ; 

%O.M. -=1.1 
P, p.p.m. —61 


=^'Pour replications. 

'{'Rate = 400 pounds per acre. 


SOIL ANALYSIS AS AN AID IN ACCOUNTING FOR RESPONSE 
FROM ADDED CALCIUM 

Since the experiments were conducted on soils of widely different 
chemic'al characteristics, data are available to relate calcium re- 
sponse of large type peanuts to certain valuables in soil composition. 
In evaluating the significance of the levels of exchangeable calcium, 
these values are plotted in Fig. 2 against check yields which are 
exprevSvSed in terms of percentage of those obtained with added cal- 
cium. This percentage value was used instead of absolute yield 
since it takes into account the differences in levels of soil productivity. 

The correlation between the two sets of values is highly signifi- 
cant with an r value of 0.948. It should be kept in mind that the 
data were obtained from only a limited number of fields and further 
investigations are considered necessary to establish more exactly 
the relationship involved. There may be considerable practical 
use of such a relationship, however, even though the exact position 
of the curve may he found in subsequent studies to be somewha.t 
different. 

It will be noted that at one location where the level of calcium 
is 2.21 M. E. per 100 grams, no response was obtained from added 
calcium. It is likely that there may have been no response even if 
the calcium content were somewhat lower. For this reason the upper 
portion of the cun^e in Fig. 2, as well as in Figs. 3 and 4, is dotted 
and the point mentioned was not used in determining the correla- 
tion coefficients. 

Percentage calcium saturation is plotted against check yields in 
terms of percentage of those obtained with added calcium in Fig. 3. 
A highly significant correlation was found between these two meas- 
ures, but it was slightly poorer than that found with absolute level 
of calcium. The t value was 0.898. 

In ^ Fig. 4 are plotted calcium levels against percentage ovarian 
cavities filled in check plots in terms of percentage of those filled 
from gypsum-treated plots. A highlj^ significant correlation was 
found between these values, the r value being 0.930. 
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The coi relation coefficient between the measure of yield used, 
above and pH was calculated and found to be only 0.182 It should 
be lecalled that the exchange capacities of soils used in this investi- 
gation varied from 1.98 to 4.06 M. E. per 100 grams and it is not 
surprising to find a poor correlation between response and pH when 
calcium is the critical element. 



CALCIUM TREATMENT AND VEGETATION 

Tf “J- evidence 
growth. In fact, at half the normal vegetative 

plots was more abundant and of greeI2>olor'i-r 'f ^'^eated 

gypsum-treated plots. At one locS mwT on the 

on stem length of untreatpH ? ^ (HSE) quantitative data 
tained. A significantly greater totffi ob- 

on those receiving no treatment The^jp plant was found 

data already presL ted. 

the peanut plant is associated gypsum on 

of kernels, rather than an increase inrtp '^o’^elopment 

Plants receiving the limestone tr^tm number of fruit set. 
and greener than those untreated at SverS larger 

tive response was particular^ nclffieabie^^ 
summer, but was redected in J^eld at ^My'onSttatwS'T),”''*- 
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PER CENT CA SATURATION 

Fig. 3. — The relationship between a function of peanut yields and percentage 
calcium saturation of certain soils. 


EFFECT OP CALCIUM TREATMENT ON SOIL CHARACTERISTICS 

To study the effects of limestone and gypsum added at rates 
common in peanut fertilization on pH, calcium, and magnesium 
levels of the soil, two approaches were used. One consisted of analyz- 
ing the soil which was in immediate contact with peanut fruit at 
the time of digging. A sample consisting of 20 portions of soil was 
taken from each plot of four experiments in which a definite response 
to added calcium was obtained. The results of these analyses are 
presented in Table 8. 

Two principal facts are shown by the data. The calcium levels 
of the soils have not been raised by gypsum or limestone applica- 
tions to a level found in other experiments to be adequate for good 
fruit development, yet on the gypsum-treated plots it has been shown 
that good quality fmit was produced (Tables 2, 3, 6, 7). In all 
probability the concentration of calcium ions in solution on the 
gypsum-treated plots was, at some time during the period of fruit 
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50 

40 


CHECK YIELDS AS 
PER CENT OF THOSE 
OBTAINED WITH CALCIUM 


development, higher than that which one might expect from the 
exchange values found in these soils at the end of the season. A high 
concentration of calcium ions for even a short period may have been 
sufficient for normal fruit development. This postulation is based 
upon unpublished results which show that if calcium is supplied 
to the fruiting medium for as short a period as 3 weeks during the 
early stages of development, normal filling of fruit will take place 
even though the supply of calcium is then withdrawn! completely. 

A second feature of special interest is the relatively high exchange- 
able calcium level found in the soils receiving limestone compared 
to that found in the vsoils receiving gypsum, particularly since the 
quality of fruit obtained with the lime ti'eatment was much lower 
than that obtained from the application of gypsum. It may be 
assumed that in spite of the higher exchangeable calcium level in 
the limestone plots, a sufficiently high concentration of calcium 
ions was not available during the critical period of fruit developments 

Although the magnitude of dift'erences brought about by calcium 
additions is not large, certain of them are statistically significant, 
particularly the calcium level at location MLW where gypsum w^as 
added to both the rooting and fruiting zones. The magnesium level 
was raised by the application of limestone at the two locations where 
it was applied. 


100 
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Fig. 4. 


I t I I -1 I I I 1 1 1 
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M.E. CA PER 100 GRAMS SOIL 

-The relationship between a function of percentage ovarian cavities and 
level of soil calcium. 
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Table S,— Effect of gypsum and limestone treatments on pH and calcium level of 
the soil at the end of the growmg season at each of four locations: 




Ex. Ca, 

Ex. Mg, 

Treatment 

pH 

M.E. per 

M.E. per 



100 grams 

100 grams 


Ruston Sand (RD) 


Check j 

5-5 

1.29 

0.32 

Gypsum''' . 

5.9 

1.75 

0.30 

Limestone'^v. . — ! 

6.0 

1.94 

0-54 

Norfolk Loamy Sand (RPF) 


Check 


0.31 I 

0.15 

Gypsum* 

5*1 

0.36 

0.12 

Limestone* 

5-8 

0.48 

0.20 

Kalmia Loamy Sand (MLW) 


Check..... 1 

5.2 

'^0.52 

0.3 T 

Gypsum: 

Fruiting medium 

5.1 

0.64 

o.ig 

Rooting medium 

5.2 

0.61 

0.28 

Both media 

5.2 

0.7 1 

0.24 

L.S.D.(.05) 

0.12 

0.15 

0.09 

L.S.D. (.01) 

0.16 1 

0.20 

0.12 

Norfolk Fine Sandy Loam, Deep Phase (CLB) 


Check 

■ .'d.! 

1 ' 0.21 i 

0.16 

Gypsum: 

Fruiting medium . 

1 6.3 

0.34 


Rooting medium 

6.4 

1 0.26 


L.S.D. (.05) 

[ 

i 0.09 


L.S.D. (.01).. 


!'■ 0.12 



'^'Base applications of 45 pounds K2O per acre. 


The second approach used to study the effects of limestone and 
gypsum upon the pH, calcium, and magnesium levels of soils was 
made l:iy analyzing soils from selected plots from four of the rotation 
experiments to which reference has already been made. In the 
particular block sampled, dolomitic limestone and gypsum were 
added separately at the rate of 400 pounds per acre to peanuts in 
1938 and again to the same plots in 1941. The plots were uniformly 
fertilized during intervening years when soybeans and cotton were 
planted in succession. In October, 1943, samples of surface soil 
were taken from three plots of each treatment from the four rotation 
experiments. The results are presented in Table 9. 

The analyses show that the limestone has raised the pH, calcium, 
and magnesium considerably more than did g3T>sum. Even though 
certain of these changes are significant, with odds greater than 19:1, 
none are of an appreciable order of magnitude. The trend is in line 
with predictions made on a basis of the soil chemistry involved 
and illustrates the value of a basic source of calcium in raising the 
calcium level of the soih 


Table 9. 
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E 9 . — "Kffcct of gypsum und Hmcstofw iYCutmciit 071 pH, cdlcvufn, cind M(i^n€siu 7 n 
i^ds'(^ soils (U the end of rotaMon expermefits coftduded for 6 years. 


Check. . . , . 
Gypsum . . . 
Limestone , 


L.S.D. (.05). 
L.S.D. (.01). 


Check, , . . . 
Gyiismn. . , 
Limestone . 


L.S.D. (. 05 )- 
L.S.D. (.01). 


Check 

Gypsum. . . 
Limestone . 


L.vS.D.(. 05 ). 
L.S.D. (.01). 


Check. . . . . 
Gypsum . . . 
Limestone . 


L.S.D. (.05). 
L.S.D. (.01). 





Ex. Ca, 

Ex. Mg, 


Treatment 

pH 

M.E. per 

M.E. per 



100 grams 

100 grams 


Ruston Sandy Loam (WAT) 


5-6 

0.62 

0.13 

5-9 

0.62 

0.12 

6.0 

0.79 

0.16 

0.35 

0.17 

0.04 

0.57 

0.28 

0.06 

dy Loam (ENE) 


5.4 

r.2S 

0,29 

54 

r.41 

0.29 

5 .<^ 

1.42 

0.34 

o.4cS 

0.72 

0.06 

0.79 

1.19 

O.IO 

oam (JGS) 


5.2 

! 0.79 

0.28 

54 

0.83 

0,30 

5.7 

1 0.91 

0.39 

0.27 

1 0.22 

0.26 

0.62 

0.51 

0.60 

dy Loam (HSE) 


4.9 

0.45 

0.17 

4.8 

0.44 

0.23 

5.1 

0.51 

0.19 

C.S 3 

0. i6 

0.17 

0.54 

0.27 

0.28 


SUMMARY AND CONCLUSIONS 

Large-seeded type peanuts, principally of the Virginia Bunch 
variety, were grown in the field on soils of widely different levels 
of calcium. Variables with respect to calcium fertilization were 
introduced and their effects upon yield and quality of fruit were 
determined. 

To increase accuracy in obtaining a measure of fruit quality, use 
was made of a rather detailed system of classification. Essentially, 
it consisted of classifying fruit taken directly from plants in the 
field, on the basis of kernel development, and determining the per- 
centage of ovarian cavities which were filled. True shelling percent- 
ages on a weight basis were calculated from data obtained on samples 
classified in this manner. 

Comparisons were made between the effects of dolomitic lime- 
stone placed in the row at time of planting and gypsum placed on 
top of the row at the time of early bloom. The gypsum treatment 
was far supeidor in meeting the calcium requirements of peanut 
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fruit produced on soils, the calcium content of which varied from 

0. 2. 1 to 1.39 M, E. Ca per 100 grams. On one soil with a calcium 
content of 2.21 M. E. per 100 grams, a high yield of good quality 
fruit was produced without su]ipleinentary calcium. The magnitude 
of the response from calcium was greater on soils of lowest calcium 
level, as shown by the high correlation coefficients between calcium 
content (0.94S) of the soil or percentage calcium saturation (0.898) 
and check yields in terms of percentage of yields obtained with 
added calcium. The corresponding value for pH was only 0.182. 

(3n two soils of low calcium level which were known from previous 
experience to require added calcium for the production of fmit 
of good quality, it was found that gypsum added to the fruiting 
zone of the soil at early blooming improved yield and quality whereas 
that added in the rooting medium at planting time did not. The 
beneficial effects of the fruiting medium treatment are in agreement 
with those obtained under controlled conditions of placement in 
nutrient culture investigations. 

Even though a marked improvement in quality was brought 
about by the addition of gypsum to the fruiting medium, it is evi- 
dent that the potential , productive capacity of a given plant has 
not been reached since even with this treatment from 30 to 60% of 
the ovarian cavities remain unfilled. 

At the end of the growing season it was found that differences 
in the calcium contents of soil in immediate contact with the fruit 
from different plots were small and inadequate to account for the 
observed responses. It is postulated that at some time during the 
period of fmit development the concentration of calcium ions was 
much higher than that expected from the analyses made at the end 
of the vSeason. 

Results of the investigation show that calcium is an element of 
major importance in the nutrition of large-seeded type peanuts, 
and, although a very low level of soil calcium is adequate for vegeta- 
tive growth, a relatively large supply is necessary for proper develop- 
ment of fruit. 

Prom the standpoint of practical production, the results of this 
study reveal that an adequate soil fertility program for peanuts 
should be one in which attention is directed toward raising the 
calcium content of the soil to a level adequate for the development 
of peanut fruit, provided this level is not unsatisfactory for other 
crops in the rotation. If it is impractical to raise the calcium level 
of the soil to this point, localized applications of a relatively soluble 
calcium salt, such as gypsum, be made wfith advantage. 
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YIELD AMD QUALITY OF LARGER-SEEDED TYPE PEANUTS 
AS AFFECTED BY POTASSIUM AND CERTAIN 
COMBINATIONS OF POTASSIUM, MAGNESIUM, 

AND CALCIUM^ 

N. C. Br^vdy and W. E, Colwell^ 

T he importance of calcium in the proper kernel development of 
large-seeded type peanuts has been discussed in an earlier 
paper (3)/'^ The following report is concerned with the effects of 
potassium and various combinations of potassium, magnesium, 
and calcium: on kernel development. 

The limited information available concerning the effects of potas- 
sium on peanuts suggests that the addition of this element is un- 
favorable for kernel development. For example, the use of potassium 
has been found to limit the filling of fruit in solution culture experi- 
ments (i), and to lower shelling percentages in field experiments. (2). 
In some field experiments, however, this element has been found 
to increase yields, but the increases occur infrequently and are usually 
not large (2, 5). 

An inevitable potash problem on soils regularly cropped to pea- 
nuts is readily recognized when this general lack of response is con- 
sidered along with two additional facts, m0., (a) the removal of 
potassium by a crop of peanuts is very large, about 75 pounds K2O 
being lost when the hay and fruit of a crop yielding 1,500 pounds 
per acre of unshelled nuts are removed (2); and (b) the potassium 
content of most peanut soils in North Carolina is very low as shown 
in a recent summary of soil analyses compiled by Reed (4). The 
range of exchangeable potassium in the 14 soils used in the present 
investigation was from 0.04 to 0.19 M. E. K per 100 grams, while 
the average was only 0.08 M. E. per 100 grams. 

The major objective of the present investigation was to study the 
effects of potassium on kernel development and yields of large type 
peanuts in field experiments located on soils of widely different 
chemical characteristics. As a part of this study, calcium was added 
along with potassium in several of the experiments since the former 
element was found to be limiting for normal kernel development on 
many of the soils. 

The magnesium content of many peanut soils is very low and inas- 
much as little is known regarding the specific effect of this element 
on kernel development, the work was extended to include a study 
of the efi;ects of magnesium treatments. 

Thus, the data reported here provide information on the effects 
of potassium alone and in placement combinations with magnesium 
or calcium. At the same time, results are available to show the effects 
of certa in magnesium and calcium combinations. Particular atten- 

_ ^Contribution from the Department of Agronomy, North Carolina Agricultural 
iixpennient Station, Raleigh, N. C. Published with the approval of the Director 
as Paper No. 203 of the Journal Series. Received for publication January 29, 1945 
Assistant m Agronomy and Associate Agronomist, respectively, 
igures in parenthesis refer to “ Literature Cited' ’ , p, 442 . 
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tion was given to the influence of the three cations upon (a) yield, 
(b) development of fruit, and (c) oil content of well-developed kernels, 

MATERIALS AND METHODS 

Field experiments-^ using Virginia type peanuts were located at various places 
t hroughout the peanut-growing area of the Coastal Plain of North Carolina during 
the 1942 and 1943 seasons. Special consideration was given to the zone of the soil 
to which fertilizer was added, either to the fruiting medium or to the rooting 
medium. The former is considered that portion of the soil in which fruit develop, 
usually the surface 2 to 4 inches. The rooting medium is the area of soil below 
the zone of fruit development. It is recognized however that there is no sharp 
boundary between these two zones. The effects of fertilizer treatment on both 
yield and quality of fruit were determined by methods described in the following 
section. 


MEASUREMENTS OF FRUIT QUALITY AND YIELD 

To obtain yield data, the plants from a given plot were stacked together and 
after curing in the field were threshed by a commercial picker. Weights of the 
threshed peanuts w^ere obtained from each plot, the size of which was either i /50 
or i/ioo acre, depending on the experiment. Field weights -were adjusted to 
pounds per acre shelling 60% large and medium kernels by a method described 
in detail elsewhere (3). Only the corrected yield values thus obtained are reported. 

The procedure used for measuring fruit quality was more accurate than those 
usually employed for this purpose. It has been descidbed in detail in an earlier 
paper and only a brief description will be presented. A large number of fruits 
which had been pulled fi'om the vines at digging time were classified in such a 
manner that it was possible to determine in a given sample the total number of 
ovarian cavities® and to calculate the percentage of this total which were filled 
with well-developed kernels.® Weights of “large and medium kernels”, together 
with the total weight of the cleaned sample, were used to calculate the true shell- 
ing percentage, as .shown in the following formula: 

Weight of large and medium kernels X 100 

True shelling percentage ~ — — — . 

Weight of fruit in cleaned sample 

This value differs from the correction factor referred to above in that it is based 
on a trash-free, hand-picked sample. 

, ANALYTICAL METHODS^ 

Exchange properties of the soils were determined by an ammonium acetate 
extraction (Assoc. Off. Agr. Chem.) and are expressed as M.E, per 100 grams 
of soih The reported data are average values from four separate samples, each 
of which consisted of 20 portions of soil from the plow layer of unfertilized plots. 

Oil detenninations were made by means of petroleum ether extraction of 
material ground to pass through a 20-mesh sieve. The time of exti'action was 22 
to 24 hours, and the results are reported on an oven-dry basis. 

REvSULTS AND DISCUSSION 

YIELD AND QUALITY AS INFLUENCED BY POTASSIUM IN ROOTING ZONE 

In six experiments located on soils of widely different levels of 
exchangeable calcium and potassium, the influence of potassium 

"^Certain of the field experiments have been referred to previously (3). For 
easy reference, the >same letter designations (initials of cooperating growers) are 
used throughout. 

®A peanut fruit has one or more compartments, in each of which one kernel 
may form. An individual compartment is referred to as an ovarian cavity. 

Hn 1942, the classification was made on the basis of total fruit rather than total 
cavities, 

^Analyses were made under the supervision of J. R. Piland, Associate Soil 
Chemist. 
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Upon quality and yield of fruit was determined. Potassium was 
added in the form of muriate of potash in the row at the time of 
planting. The experiments included a gypsum treatment which 
was made at the rate of 400 pounds per acre to the foliage and a 
limestone treatment made by applying Dolomitic limestone (52% 
CaCOs and 40% MgCOg, and 50% passing through a loo-mesh 
sieve) in the row at planting time at the rate of 400 pounds per acre. 
vSince the gypsum treatment resulted in high yields and good quality 
fruit, the data obtained from it are presented along with those from 
the potassium and check plots in Tables i and 2. 

One significant fact shown by these data is that no increase in 
yield was obtained from added potash even though the level of 
potash was as low as 0.05 M. E. K per 100 grams at location JFM. 
A second feature of special interest is the fact that in these experi- 
ments potassium exerted neither a beneficial nor a detrimental 
effect upon kernel development. At location ENE, however, potash 
rcvsulted in a decrease in yield and tended to lower both the true 
slielling percentage and the percentage of total cavities filled. 

It will be noted in considering these data that at certain of these 
locations gypsum was of great importance in obtaining high yields 
of good quality fruit. In other words, the calcium supply was limit- 
ing for normal kernel development. This was also true on the plots 
receiving potash, and it is doubtful whether an actual measurement 
of the trae effects of this element, or any other element on these 
soils, could be obtained unless the calcium requirements were first 
met. 

The effects of two rates of potash applied to peanuts in the row 
just before planting in five rotation experiments were determined 
over a 6-year period, i938“43.® In these rotations, cotton preceded 
peanuts and received an average application of 36 pounds of K2O 
per acre (at location UCP, 54 pounds). Twelve pounds of K2O per 
acre were added to the soybeans (or corn) following peanuts. The 
experiments were designed so that each crop was grown every year. 
Thus, average yields obtained over the 6-year peiiod are available. 
The average yields from the check plots, along with the average 
increases from the two rates of potash, are presented in Table 4. 
It will be noted that potash has not measurably increased peanut 
yields in any of the live experiments during the two rotation cycles 
that they were in progress. The increase of 194 pounds per acre from 
the low rate of potash at location UCP was largely accounted for by the 
X938 and 1941 data. These results were obtained on the same experi- 
mental block where the arrangements and character of the plots 
were such that those in charge of the^ experiment at that time put 
but little confidence in the apparent response from potash. 

From the data presented in Tables i, 2, and 3, it is apparent that 
the application of potash alone has not appreciably increased yields 
in any of the experiments which were located on soils having ex- 

^ 1938 by E. R. Collms, and J. J. Skinner 
otthe U. S.Uept. of Agriculture. The authors are indebted to E. R. Collins, H* D. 
Morns, and B. S. Chromster for the data for the years 1938-41, inclusive, most 
of which has been published in N. C. Agr. Exp. Sta. Bui. 330 
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changeable potassium levels ranging from 0.05 (JFM) to 0.19 (JGS) 
M. E. K per 100 grams. In fact, the use of potassium in one of the 
experiments was found to decrease the yield. 


EFFECTS OF POTASSIUM ALONE AND IN COMBINATION WITH CALCIUM 

OR MAGNESIUM 

The importance of separate consideration of the nutrient require- 
ments of the rooting and fruiting media has been brought out in 
previous studies with calcium (i, 3). lu view of this fact, it was 
considered advisable to investigate the effect of placing potassium 
in the two soil zones of plant development, both in the presence and 
absence of added calcium. 

In the initial investigation either muriate of potash or potassium 
metaphosphate to supply 45 pounds of K2O per acre was placed 
either in the rooting zone at planting time or in the fruiting zone 
at the early blooming stage. The gypsum was added in either the 
rooting or the fruiting medium at the rate of 400 pounds per acre. 
The specific treatment combinations are listed in Table 4 together 
with the data on yield and quality of fruit. 



Table i, — Effect of potash on yield and q^ialily of Virginia Bunch peanuts produced 
on two soils in 1^42."^ 


Treatment 

Total fruit 

True 

shelling 

Examined % filled 

Cor- 
rected 
yield, 
lbs. per 
acre 

Soil analysis 


Ruston Sand (JPM)t 



Check. 

2,992 

0.9 12.6 1 

360 

pH -6.0 

30lbs.K20t 

L065 

1.8 16.5 

460 

Ex. cap. -2.66 

Gypsum. 

3,702 

30-8 55-2 

1,670 

Ex. Ca -0.45 





Ex. Mg =0.18 

Limestone 

835 

4.2 26.2 

612 

Ex. K =0.05 

Limestone 4 30 lbs. K/J 

1,132 

8-3 27.3 

719 


L.S.D. (.05) 


8.1 7.1 

373 



Norfolk 

Sandy Loam (DGC) 



Check 

1,386 

18.6 43.4 

i 1,180 

pH =5.6 

50 lbs. KgO. 

1,091 

18.8 33.6 

1 L 475 

Ex, cap. -3.4 

Gypsum. 

956 

42.7 65.4 

1,642 

Ex. Ca ===1.19 




I ' ■ ■ 

Ex. Mg =0.26 

Limestone 

955 

26.8 43.1 

1.707 

Ex.IC =0.10 

Limestone+3olbs. KsO 

661 

23.8 42.5 

1,510 


L.S.D. (.05) 


25.0 




*T wo replications. 

flnitiak of cooperating growers. 

jApproxiniately fo«r times as many plants were taken from the gypsum and check plots. 


'I 

■.■I-' 
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Table 2» — Effect of potash on yield and quality of Virginia Bunch peanuts produced 

on two soils in ig42ff 


Total fruit 


Treatment 


Examined 


% filled- 


True 

shelling 

% 



Soil analysis 


Dunbar-Lenoir Fine Sandy Loam (HSE). 


Check 

48 lbs. Ki>0. 
Gypsum. . . 


L,S.D. (.05). 


3.187 

33 U 

44.8 

635 

3,269 

30.3 

47.4 

633 

2,486 

51. r 

60.6 

826 


25.2 

19.8 

230 


Norfolk Pine Sandy Loam (UCP) 


Check 

48 lbs. K2O. 
Gypsum. . . 


L.S.D. 


2,552 

65-3 

66.2 

L 572 

2,434 

64.6 

67.1 

1,616 

2,382 

62.9 

67.2 

L 574 


None 

None 



pH 

Ex. cap. 
Ex. Ca 
Ex. Mg 
Ex. K 


pH 

Ex. cap. 
Ex. Ca 
Ex. Mg 
Ex. K 


=5.08 

=2.59 

= 0.59 
=0.24 
= 0.07 


= 5-57 
=4.02 
=2.21 
=0.38 
-o.io 


Dunbar-Lenoir Fine Sandy Loam (ENE) 


Check 

48 lbs. K2O, 
Gypsum. . . 


L.S.D. (,05). 


Check 

4 SIbs.K20. 
Gypsum. . . 


L.S.D. (.05) . 


1,878 

34‘0 

39.5 

L 45 I 

pH 

= 5.5 

2,395 

23-3 

30.7 

1,299 

Ex. cap. 

=3*24 

1,279 

50.3 

50.5 

L 750 

Ex. Ca 

= L 39 





Ex. Mg 

= 0.29 


17.4 

14.9 

139 

Ex. K 

— 0.08 

Ruston Sandy Loam (WAT) 




L 752 

40.9 

51-5 

1.499 

1 pH’ 

^5.5 

2,193 

49.7 

56.8 

1,411 

Ex. cap. 

==^2.57 

1,608 

70.7 

65.0 

1,683 

Ex. Ca 

= 0.68 





Ex, Mg 

= 6.22 


16.1 

5-7 

00 

01 

Ex.K 

= 0.07 


*Three replications for quality records, six for yield. 

Iable 3. Six^year average yields in pounds per acre with increases fro7n applica^ 



Soil type and location designation 

Treatmentf ' 

Ruston 

sandy 

loam 

(WAT) 

Dunbar- 
Lenoir 
fine sandy 
loam 
(ENE) 

Dunbar- 
Lenoir 
fine sandy 
loam 
(HSE) 

Wickham 

sandy 

loam 

QGS) 

Norfolk 

fine 

sandy 

loam 

(UCP) 

Check. . .... . . .... 

1,356 

“9 

■"74 

1,470 

40 

3 


L 373 

I 

"38 

1,462 

92 

194 

Increase from high K . 
Increase from low IC . . 

uDo 

~2I 

“31 

l.s.D.(.05).:....... 

204 

99 

„ — ■■ 

107 

193 


ui. jcpucawons. 

[alf ofthese qutnSn^^^^ inclusive; 36 pounds K.O, 1938-39. inclusive. Low K 
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Table 4. — Efect oj placement of potassium with and without calcium upon yield 
md gtiaUty of Virginia Bunch peanuts on a Norfolk sandy loam, deep phase, 
in ip42 


Treatment 

Total fruit 

\ 

\ 

1 True 
! shelling 
%' 

Corrected 
yield, lbs. 
"^per acre 

Soil 

analys 

iis 

Rooting 

medium 

Fruiting 

medium 

1 

1 Exam- 
ined 

% 

filled 

None 

None 

2,057 

8.5 

24.9 

364 

pH 

= 6.r 

KCl 

None 

2,51s 

4.8 

17.1 

352 1 

Ex. Cap. 

~2.I0 

None 

KCl 

2,506 

9-5 

24.0 

264 

Ex. Ca 

= ,21 







Ex. Mg 

= .16 

None 

Gypsum 

2,593 

49*3 

52.9 

V595 

Ex. K 

= .06 

KCl 

Gypsum 

2,353 

397 

53.5 

1,402 



Gypsum | 

None j 

2,955 

1 8.7 

40.5 

878 



Gypsum | 

KCl 1 

3,105 

14.1 

23,4 

603 



None 1 

KPO, 

2,652 

6.9 

16.5 

450 

j 


KPO 3 

None 

2,861 

7.6 

1 20.8 

351 




L.S.D, (.05) , 


6.8 

! 7.3 

310 




(.01) 1 


9'i 

1 9.9 

417 




■•‘‘Four replications. 


Potassium exerted no beneficial effects on yield or quality in any 
of the treatment combinations used in this experiment. On the other 
hand, it tended to lower fruit quality, particularly when placed in 
the rooting zone without calcium. Also, potassium reduced quality 
when placed in the fruiting medium in combination with a rooting 
medium of application of calcium, the latter treatment not having 
met the calcium requirements of the fruit. 

To investigate the effect of potassium placement in greater detail, 
the following year, 1943, these studies were repeated with certain 
modifications. The experiment was enlarged to include magnesium 
and the sulfates of the three cations were used in an attempt to 
measure more nearly the effects of cations only. The following treat- 
ments to the rooting medium were made at the time of planting: 
(a) No treatment, (b) K2SO4 (48 pounds K2O), (c) MgSO-rPLiO 
(15 pounds MgO), (d) CaS04'2H20, (130 pounds CaO). The ma- 
terials were placed 3 to 5 inches below the level of the seed. Upon 
each of these rooting medium treatments, four fruiting medium 
treatments were superimposed by using the above materials, at the 
same rates, and making applications at the early blooming stage 
(July 5). In this way 16 treatment combinations were established. 
The experimental design used was a simple lattice of four replica- 
tions. ... ' ' 

The soil selected for the study (location MLW) was a Kalmia 
sandy loam which, when untreated, was known to produce peanuts 
of poor quality. Certain chemical characteristics of the soil are pH 
5,3; exchange capacity 3.13 M, E. per 100 grams; and exchangeable 
Ca, Mg, and K, 0,50, 0.27, and 0.12 M. E, per 100 grams, respectively. 

The most striking features of the results, presented in Figs, i, 2, 



M^a7.9 
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PER CENT CAVfTIES FILLED 



ROOTING MEDIUM TREATMENT 


Pig. 3. — Percentage ovarian cavities filled as affected by fruiting medium 
treatments superimposed on rooting medium treatments as indicated. Least 
significant difference (.or) shown by aiTOWS. 

and 3, are the pronounced responses fx'om gypsum applied in the 
fruiting medium. Quality and yield were significantly increased by 
this treatment irrespective of the treatment made to the rooting 
zone. The calcium requirements of the fruit were not met, however, 
by the application of gypsum to the rooting zone only. 

There was no significant response from the use of magnesium in 
the zone of fruit formation. When placed in the rooting zone, in 
combination with potassium in the fruiting medium, it resulted in 
significant decreases in yield and quality. In general, the magnesium 
treatments had an unfavorable effect on kernel development and 
did not increase yields even when the calcium requirements were met. 

Some rather interesting results from potassium were obtained 
in this experiment. If the effects of this element placed in the rooting 
rnedinm are first considered, it will be noted thaHn comparison with 
the plots receiving no fertilization in either zone, potassium (a) 
significantly lowered quality whenever the fruiting medium received 
potassium or was left untreated, (b) it has significantly lowered yield 
when the accompanying fruiting medium treatment was potassium, 
mid (c) it slightly lowered both quality and yield with an accompany- 
ing fruiting medium treatment of magnesium. With the fruiting 
mediutn treatment of calcium, the use of potassium in the rooting 
zone did not lower the relatively high yields or quality of fruit 
resulting from the calcium treatment. 

When the effects of the fruiting medium application of potassium 
are compared with those obtained from plots receiving no fertiliza- 
tion in either zone, it can be seen that potassium (a) significantly 
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lowered quality and yield when the accompanying rooting medium 
treatment was potassium or magnesium, and (b) slightly lowered 
the quality and yield when the rooting medium received either no 
treatment or an application of calcium. 

From the standpoint of practical production of peanuts, the results 
point out some rather significant aspects relating to direct fertiliza- 
tion with potash. They show, for example, that a poor combination 
is one ill which potassium is placed in the fruiting medium with 
either potassium or magnesium in the rooting zone. They show, 
too, that good kernel development obtained by the addition of cal- 
cium to the fruiting area is not affected by the application of potas- 
sium to the rooting zone. These results illustrate the point previously 
referred to, namely, that the tme effects of potash cannot be measured 
so long as production is limited by the lack of any other element or 
elements. 

QUALITY AS AFFECTED BY VARIOUS QUANTITIES OP POTASSIUM AND 
CALCIUM IN THE FRUITING MEDIUM 

A question of importance unanswered by the above data is the 
effect of potassium in the fruiting medium when used with and 
without added calcium in the same zone. This is of practical signifi- 
cance since it is a common practice to add to this zone various mix- 
tures containing both potassium and calcium, and from the data 
just presented there is reason to believe that the practice of applying 
potassium to the f mi ting medium may not be one most favorable 
for the production of high-quality fruit. 

To obtain information on this problem, an experiment was con- 
ducted to compare the effects of three rates of muriate of potash 
applied with gypsum at the rates of 400 and 800 pounds per acre. 
Two salts were thoroughly mixed and applied to the fmiting zone 
on July 7, at the time of early bloom. The soil selected for this study 
was a Norfolk coarse loamy sand. 

Data on true shelling percentage and percentage ovarian cavities 
filled are shown in Table 5. Since the yields from all plots were 
extremely low, due primarily to a poor stand, these data are not 
inciuded. It will be noted that potash did not affect the quality of 
fruit when used in the presence of gypsum. Without gypsum, how- 
ever, the application of 62 pounds X2O per acre tended to lower 
both trae shelling percentage and percentage ovarian cavities filled. 
It would appear, therefore, that any possible unf avoidable effects 
of potassium applied to this zone might easily be overcome by simul- 
taneous additions of calcium. 

RESPONvSE TO POTASH ON SOII.S OF LOW POTASSIUM LEVEL 

In most of the soils used in the expeiiments reported, it lias been 
shown that calcium .was a limiting factor for normal kernel develop- 
ment. Since potassium^ is not beneficial in the filling of fruit, it is 
to assume that its effect or that of any other element failing 
to aid in kernel development, cannot be determined with confidence 
until the calcium requirement is met. The results from location MLW, 
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which have already been discussed, show that the effect of potash 
on yield was markedly different when the calcium requirement had 
been met. 


Table $.~~-The quality of pecvaut fruit produced on a Norfolk loamy coarse sand as 
affected by potassidm and calcium applied to the zone of fruit development, 

1943 {MPW), 


Treatment 

Total cavities 

True 

shelling 

% 

Soil 

analysis 

Ka 

per acre, 
lbs. 

Gypsum 
per acre, 
lbs. 

No. 

examined 

% 

filled 

None 

None 

2,828 

19.0 

24.6 

pH =5.3 

20 , 

None 

2,356 

16.8 

20.5 

Ex. cap. = 1.94 

42 

None 

2,068 

17.5 

21.8 

Ex. Ca =0.44 

62 

None 

2,344. 1 

13.1 

17.6 

Ex. Mg =0.19 






Ex. K =0.07 

None ! 

400 

2,324 1 

30.8 

29.7 


20 ' 

400 

2,700 

32.1 

32.7 

! 

■ 42 

400 

2,696 

33-0 

364 

j 

62 

400 I 

2,576 

26.9 

31.2 


None 

800 

2,562 

33-8 

3.S4 

! 

20 

800 

2,804 

31.8 

34-8 


42 

800 

2,372 

36.0 

36-0 


62 

800 

.2,472 i 

33-5 

34-6 


L.S.D.(.05) 



9-9 

7.7 



To obtain further information on the eft'ects of potash in the pres- 
ence of calcium on soils of low fertility, four experiments were con- 
ducted in 1943 on soils ranging in their levels of exchangeable potas- 
sium from 0.04 to 0.12 M. E. In these experiments, potassium 
was used with gypsum and with dolomitic limestone. The potash 
treatment consisted of the application of 45 pounds K2O per acre 
from muriate of potash at the time of emergence. Gypsum was 
added at the rate of 400 pounds per acre at early bloom, and lime- 
stone was added at the same rate in the row at the time of planting. 
Previous cropping histories and fertilization practices differed con- 
siderably at the four locations.^ Relatively heavy additions of potash 
had been made at location RD, and at the other locations potassium 
fertilization had been light. Yield and quality records were taken 


®At location RPF, tlie 1942 and 1941 crops were soybeans and corn, respec- 
tively. No fertilizer was added to the soybeans and the corn was fertilized only 
lightly, the exact quantity being indeterminable. At location FWR, small grain 
fertilized with nitrate of soda preceded the peanuts. At location ZRW, cotton 
was grown in 1942 and fertilized with 600 pounds of a 6-8-4. 1941 » corn was 

grown and to it w4s added the equivalent of 30 pounds per acre both of P2O3 and 
K2O. In 1940, the corn crop received only 200 pounds of ammonium sulfate. In 
the field at location RD, crotalaria was plowed under both in 1942 and 1941. 
In 1940, barley, also plowed under, received 700 pounds of a s-y-s. In the prev- 
ious year, 100 pounds K^O per acre were added to this soil on which a peach 
orchard was then located. 
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by the procedure already described and the data are presented in 
Table 6 and Fig. 4. 

Two features of the data deserve special comment. First, the appli- 
cation of potash in the presence of gypsum did not affect fruit quality. 
This is evidenced by coniparison of the data from the gypsum- 
potash plots with data from the plots receiving only gypsum. Second, 
on. the three soils of lowest levels of exchangeable potassium, the 
addition of potash has resulted in yield increases, but only after 
the calcium recpiirement of the frait was met. The limestone treat- 
ment, as shown elsewhere, did not supply sufficient calcium for 
nornial 1<ernel development and for that reason the limestone-potash 
treatment cannot be UvSed to determine potash response. 

Although the response obtained from potassium is greatly depend- 
ent on the supply of calcium, the addition of potash was not found 
to increase yields at locations RD (Fig. 4) or CLB (Table 4) even 
when gypsum was added. The potassium levels of these soils would 
be considered low for most other crops. From the responses obtained 

Table 6. Effect of potash art quality of Virgmia Bunch peanuts at four locations 

1943 ^'^ 


Potasli 

Total cavities 

True 

shelling 

% 

Soil 

treatment t 

No. examined 

% filled 

analysis 

None 

Nor: 

! 3,092 

3,316 

folk Loamy Sane 

1 5 u 8 

46.1 

6.74 

1 (RPF) 

60.2 

55*5 

8.35 

pH =4.7 

Ex. cap. ~2.’?4 
Ex.Ca -.21 
Ex, Mg - .17 
Ex. K - .04 

45 lbs. K2O 

L.S.D. (.05) 


Norfolk Sand (FWR) 


None 

1,888 

42.2 

48.6 

45 lbs. K'iO 

2,012 

39.0 

49-7 

L.S.D. (.05) 


9.12 

8.15 


Rnston Sandy Loam, Deep Phase (ZRW) 


None 

45 lbs. k:20 

L 959 

1,878 

41.0 

389 

55-4 

$1.6 

L.S.D. (.05) 

1 ■ . , ■ 

8-45 

7.94 


Runston Sand (RD) 


None 

45 lbs.K 20 

1,596 

1,660 

45.1 , 

52.5 

45.6 

49.7 

L,S.D. (.05) 


! 12.96 

4.00 


JFmir repUcations/or RPP, PWR. and RD; three for ZRW 
tBase treatment of 400 ponnds of gypsum. 


pH =4.6 
Ex. cap, =^1.98 
Ex. Ca = .54 
Ex. Mg == .21 
Ex. K = .04 


pH =5.1 

Ex. cap. =5=2.78 
Ex. Ga = .54 
Ex. Mg = .25 
Ex.R =: .04 


pH =5.6 
Ex. cap. =4,06 
Ex.Ca =={.15 
Ex. Mg =: .40 
Ex.K .12 
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YIELD IN POUNDS PER ACRE 



NORFOLK SAND NORFOLK LOAMY SAND RUSTON SANDY LOAM RUSTON SANDY LOAM 
CFWR) (RPF) DEEP PHASE (RD) 

CZRW) 


Fig. 4.“-~-The effect of treatment on the yield of Virginia Bunch peanuts at four 
locations. Least significant difference (.05) values indicated by aiTOws. 

on the three soils lowest in potassium, it would seem that at least 
two conditions are necessary before potassium could be expected 
to increase yields of peanuts, w., (a) an ample supply of calcium, 
and (b) a very low level of soil potassium. 

A pronounced vegetative response from added potash was obseiwed 
at all fom* locations. When this is considered together with the fact 
that yield increases were obtained without corresponding increases 
in quality, it would appear that the effect of potassium is one pri- 
marily associated with plant size rather than with kernel develop- 
ment, as in the case of calcium. 

OIL CONTENT AS INFLUENCED BY POTASSIUM, MAGNESIUM, AND CALCIUM 

It ivS known that plump kernels contain a higher percentage of oil 
than those that are shrivelled. In determining the effects of mineral 
elements on oil content, it is therefoi*e necessary to make comparisons 
on kernels of uniform plumpness. In this study, large and medium 
kernels were selected from certain plots fertilized, differently with 
potassium, magnesium, and calcium. They were examined closely 
and separated into two groups, (a) those that were very plump, 
and (b) the remainder which were made up of kernels with somewhat 
wrinkled seed coats. They were analyzed for oil and the results are 
presented in Table 7. 

It will be noted that the oil content of the plump kernels was 
virtually unaffected by treatment, although the yields resulting 
from the particular treatments selected for study varied from 154 
to 1,028 pounds per acre. The oil content of the * ‘remainder'’ of the 





Treatment t 

Large and medium kernels 

Plump, % Remainder, % 

oil oil 

Corrected 
yield, lbs. 
per acre 

Check..... .... 

49.8 

48.1 

419 

KnS0.1 

49.8 

47-7 

154 

Mt(S04rH20 

50.0 

48-5 

! 283 

Ca:S0,i2-H.20 

50*3 

49.6 

1,028 

L.S.D.(.05) 

None 

1.4 

271 

toi) 

None 

2.0 

365 


^Four replications. 

fTreatments were made in the row at planting time (3 to 5 inches below seed level) and again 
to the fruiting medium at early bloom. At each time the following rates of materials were used: 
(a) KaSO.) to supply 48 pounds K2O per acre; (b) MgSO.t'HiO to supply 15 pounds MgO per acre; 
and (c) CaSOr^HiO to supply 130 pounds CaO per acre. 

SUMMARY AND CONCLUSIONS 

Field experiments in which applications of potash were made to 
large-seeded type peanuts were initiated on soils of widely different 
chemical characteristics. A study was made of the effects of potassium 
when placed in either or both of two zones of plant development 
(rooting and fruiting zones) with and without calcium or magnesium. 

Through the use of a rather detailed system of fruit classification, 
it was found that potassium did not aid in the filling of fruit and that 
under ceidain conditions it lowered the time shelling percentage 
and percentage of ovarian cavities filled. For example, when compared 
with no_ treatment, potassium placed in the rooting medium tended 
to inhibit kernel development whenever the fruiting medium received 
potassium or was left untreated. 

When potassium was used in the fniiting medium, it lowered both 
quality and yield whenever the accompanying rooting medium 
treatrnent supplied either potassium or magnesium. The effect of 
potassium in the fruiting medium was less pronounced whenever 
the rooting medium received calcium or was left untreated. When 
potpsiurn was applied to the fruiting zone and used in combination 
With calcium applied in the same area, it had no unfavorable effect 
on quality. 
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large and medium kernels from the gypsum-treated plots, _ however, 
is higher than it is in those irom any other treatment. This is prob- 
ably due to the fact that the gypsum “remainder” kernels were less 
wrinkled than the coixesponding kernels from the other treatments. 
Even though this is true, the range in percentage oil is quite small. 

In view of these data which show that even under widely different 
conditions of nutrient supply the percentage oil in well-developed 
kernels is quite constant, it would seem that the effect of fertiliza- 
tion on oil content is one associated primarily with good kernel 
development, 

7 . — Efed of potassiiim.^ magnesitmt, ami calcium on the oil content of large 
and medium size kernels of two degrees of plumpness of the Yirgmia Bunch 

variety {MLW)f 
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The necessity of meeting the calcium requirement of the peanut 
fmit before the true effects of added potash on yield can be measured, 
was emphasized. Even when the calcium supply was adequate for 
normal fmit development, however, yields were not increased by 
the use of potassium on soils which would ordinarily be considered 
low in this element for most other crops. On soils of extremely low 
potash level, however, the use of potash brought about a marked 
vegetative response and a significant increase in yield. Thus, it is 
concluded that increased 3delds from the use of potash may be ex- 
pected when (a) there is an adequate supply of calcium to bring 
about good filling of fmit, and (b) when the level of soil potassium is 
extremely low. 

Data are presented to show that potassium affects yield through 
its influence on plant size rather than on kernel development. 

In general, the use of magnesium had an unfavorable effect upon 
kernel development particularly when placed in the rooting zone in 
combination with potassium supplied to the fruiting medium. The 
favorable effect of calcium upon fruit development was not affected 
by the addition of potassium or magnesium to the rooting medium. 

The percentage of oil in plump kernels of the large and medium 
size was not affected by the potassium, magnesium, or calcium 
treatments. Although the oil content of the slightly wrinkled kernels 
in this size group was highest in those from plots which had received 
added calcium, the difference was small. The direct effects of these 
mineral elements upon the oil composition of well-developed kernels 
vras of little consequence. 
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THE BEHAVIOR OF FOUR VARIETIES OF PEANUTS AS 
AFFECTED BY CALCIUM AND POTASSIUM VARIABLES^ 

G. K. Middleton, W. E. Colwell, N. C. Brady, 

AND E. F. Schultz, Jr.^ 

T he present investigation was undertaken to determine^ the 
relative response of four varieties of peanuts, differing widely 
in seed size, to additions of calcium and potassium on soils low in 
these elements. The response of the large-seeded Virginia type pea- 
nuts to additions of these elements has been reported (i, 3)"^ and cal- 
cium was found to be of great importance in proper kernel develop- 
ment. In fact, the Virginia Bunch variety was so dependent upon 
calcium vsupply that almost complete fruit failure resulted on soils low 
in this element when supplementary calcium was not added. Increased 
yields resulted from the use of potassium only where the soil potas- 
sium level was very low and the calcium requirements of the fiuits 
were met. 

Although similar investigations using small-seeded varieties have 
not been made under widely differing soil conditions, there was 
reason to believe that these varieties might have a somewhat lower 
calcium reciuirement. Yields of Spanish varieties, which are small- 
seeded types grown widely in the southeastern states, have been found 
to be affected only slightly by the use of calcium (4, 9). 

In preliminary investigations in North Carolina, the relative 
response of the small- and large-seeded varieties to added calcium 
was found to depend on the soil calcium level. Thus, on soils of 
relatively high calcium content, there was no response of either of 
the types to calcium additions (8). However, somewhat different 
responses were observed on soils low in calcium where this element 
might be expected to be more nearly limiting (2). Under these 
conditions proper fruit development of the large-seeded variety 
was limited by the low calcium supply. A small-seeded variety did 
not require additional calcium for normal fx*uit development. 

These experiments wei'e of a preliminary nature and did not provide 
a suitable number of comparisons to determine with certainty the 
relative calcium requirements of the large- and small-seeded types. 
The need for further study on the problem is recognized when con- 
sideration is given to the importance that varietal differences in 
nutrient requirements would have on both, peanut breeding and soil 
fertility programs. 

The soils selected for the present studies were low in both calcium 
and potassium and were of lower fertility levels than those commonly 


^Contribution from the Department of Agronomy, North Carolina Agri- 
cultural Experiment Station, Raleigh, N. C. Published with the approval of the 
Director as Paper No. 204 of the Journal Series. Received for publication Tanuary 
29r 1945.. ' . . . ■ 

^Associate ^Agronomist (in charge, peanut breeding investigations), Associate 
Agronomist (m charge, peanut soil fertility investigations), and Assistants in 
Agronomy, respectively. 

^Figures in parenthesis refer to “Literature Cited", p. 457. 
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cropped to peanuts in the main peanut-producing area of North 
Caroliim. However, they are considered representative of soils in the 
southern CoavStal Plain area of the state. ^ 

One objective of conducting the experiments on low fertility soils 
of this area was to obtain information which would be of immediate 
practical value to inexperienced growers. A second objective was 
that of obtaining information on the basic principles governing the 
behavior of the four varieties to calcium and potassium variables. 
The principles would be expected to apply under other conditions, 
even though the responses might be manifested to a greater or lesser 
degree than those herein reported. 

Particular attention was given in this study to the effects of two 
calcic materials and of potash upon varietal behavior as measured 
by (a) yield, (b) tme shelling percentage, (c) percentage ovarian 
cavities^^* filled, and (d) pounds of oil per acre. 

MATERIALS AND METHODS 
VARIETIES USED 

The four varieties used in this study were selected to represent both the 
large-seeded types commonly grown in the main peanut area of Virginia and 
North Carolina and the smaller seeded varieties produced in the states further 
south. A photograph showing the appearance of fruit of each of the varieties is 
presented in Fig. i. 

Virginia Bunch is a large-seeded type peanut with an erect growth habit. 
The strain used was Not'th Carolina 31, which has not been found to differ 
materially frorn other strains of Virginia Bunch. 

North Carolina Runner is of smaller seed size than the Virginia Bunch and 
has a prostrate growth habit. Insofar as the authors know, this variety is the 
same as that grown widely in the southeastern states and has often been referred 
to as the Florida Runner or Georgia Runner. It is a later maturing variety than 
Virginia Bunch and is commonly used for “hogging-oif” purposes. 

Spanish 2B is a relatively large-seeded strain of the Spanish type. It has an 
erect growth habit and matures earlier than Virginia Bunch but not so early as 
White Spanish. ^ 

White Spanish is the common small-seeded type peanut produced widely in 
the southern states for the oil trade as well as for edible purposes. 

CALCIUM AND POTASSIUM TREATMENTS 

The following variables with respect to calcium and potassium were used: 
(a) No treatment, (b) gypsum, (c) gypsum plus potash, and (d) limestone plus 
potash. Gypsum was applied on the foliage at early .bloom at the rate of 400 
pounds per acre. Muriate of potash to supply 45 pounds of KaO per acre was 
added at the time of emergence. Limestone (dolomitic) was added in the row at 
the time of planting at the rate of 400 pounds per acre. 

CULTURAL PRACTICES 

Shelled seed were planted by hand in 30-incli rows. Two seeds were dropped 
every 8 inches in the case of Virginia Bunch and North Carolina Runner and 
every 6 inches for Spanish 2B and White Spanish. Six rows 30 feet long constituted 
a single plot which was approximately 0.0 1 acre in size. The experimental design 
used was a 4 X 4 simple lattice.^ 


^A peanut fruit has one or more compartments, in each of which one kernel 
may form. An individual compartment is referred to as an ovarian cavity. 

^The authors wish to acknowledge the assistance of J. A. Rigney, Associate 
in Experimental Statistics, in preparing the experimental designs used and in 
supervising the statistical analyses. 
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VA. BUNCH 


NX. RUNNER 


SPANISH 2B 


WHfTE SPANISH 


Fig. I. Specimens of seed of the varieties used in the experiments, 

Regujar cultivation practices were followed, and all plants were dusler 
times witli sulfur, the mte of each application being i s pounds S- 
emxs m time of maturity of the varieties were taken into consideration in 
mining digging date.s, which are given with those of other operations in T* 


t»y ammonium acetate extrac- 
u M.E. pel 100 grains ol soil. Phosphorus was extracted 
tiotermined by dry oxidation. The 

:-e made on kernels separated by the screening proredure 
Measurement of Yield.” The kernels wert ground o 
sieve and extracted with petroleum ether for a iSriod 

ilts are expressed oil the oven-dry basis. 


DESCRIPTION OP EXPERIMENTAL FIELDS 

•A,ml.v.(, ,„.,de ,,,.der the .„pe™io„ „f j. R, pa,,,,,, A»„ei,K Soil Chemi,, 
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Pertinent analytical data on surface soils are shown in Table 2. It will be noted 
that three of the soils selected were very low in exchangeable calcium and potas- 
siiitn and that the fourth (RD)’^ was only moderately high in these elements. Also, 
the organic matter content of the soil at location RD was the highest of any of 
the soils used. 


Tabi.k i . — Dates of carrying out certain operations at each of four experhnents . 


Operation 

1 

Location'*' 

1 ' 

RPF 

FWR 

ZRW 

RD 

Soil samples taken . , . 

Planted ■ • . 

Potash applied 

Gypsum applied 

White Spanish dug 

vSi^anish 2B dug 

Virginia Bunch dug 

N. C. Runner dug 

All varieties picked 

Apr. 22 
Apr. 22 
May II 
June 22 
Sept. I 
Sept. I 
Sept. 15 
i Sept. 1 5 
’ Oct. 20 

Apr. 23 
Apr. 23 
May 1 1 
July 2 
Sept. 3 
Sept. 3 
Sept. 23 
Sept. 23 
Oct. 22 

Apr. 21 
Apr. 21 
May II 
June 22 
Sept. 2 
vSept. 21 
Sept. 23 
Sept. 23 
Oct. 20 

Apr. 20 
Apr. 20 
May 10 
June 17 
Sept. 13 
Sept. 13 
Oct, 4 
Oct. 4 
Nov. I 


^Initials are for cooperating growers. 


TABLii 2 . — Certain chemical characteristics of surface soil and soil types at each of 

the four locations. 


Location and soil type 

pH 

, r 0 ^ 

' & 2 
^ ifi 

[ijW 1 

Ex. Ca, 

M. E./ioo 
grams 

% 

Ca 

sat. 

0 

1 

Ex. K, 

M. E./Too 
grams 

0. M. 

% 

H 

d 

d 

(RPF) Norfolk loamy sand. . . 

4.7 

2.34 

0.21 

9 

0.17 

0.04 

0.9 

34 

(FWR) Norfolk sand 

(ZRW) Ruston sandy loam. 

4.6 

1,98 

' 0.54 ■ 

27 

0,21 

0.04 

T.O 

29 

deep phase. 

5*1 

2.78 

1 0*54 

1 17 

0.25 

0.04 

1.4 

40 

(RD) Ruston sand 

5*6 ! 

4.06 

1*15 

i 28 

0.40 

0.12 

3.0 

86 


Previous cropping and fertilization histories of the fields are reflected to some 
degree by the chemical analyses. For example, at location RD where potassium 
an<i organic matter were relatively high, crotalaria had been plowed under in 
1941 and again hi 1942. In 1940, barley, also plowed under, received 700 pounds 
of a 5-7-5 fertilizer. In 1939, 100 potinds of K2O per acre were applied to this soil 
on which peach trees were then growing. 

The fields at locations RPF and FWR had not been fertilized the previous 
year atid had received only light fertilization the years before. Cover crops 
had not been grown recently at either of these locations. At location ZRW the 
general level of fertility was somewhat higher. Cotton grown in 1942 was fer- 
tilized with the equivalent of 600 pounds of 6-8-4. Corn in the two previous 
years received a total of 40, 30, and 30 pounds per acre N, PaOs, and K2O, re- 
spectively. 

MEASUREMENTS OF YIELDS 

To obtain yield data the peanuts were stacked and, after curing in the field, 
were threshed with a commercial picker. As a means of adjusting field weights 
to values of a uniform shelling percentage, samples of 500 to 1,000 grams were 
taken ftom each plot, weighed, cleaned, then shelled by means of an electrically 

^Initials of ('ooperating growers are used to designate experimental fields. 
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powered sheller. In accordance with the size specifications set up by the U. S. 
Asrricultural Marketing Service for grading Spanish, Runner, and Virginia type 
pranuts (5, 6, 7), the kei-nels were passed over a screen with oblong perforations 
l-J inch in width. This procedure made possible the separation of the pmnap 
kernels from the remainder of the sample regardless of the variety nsed, and tnns 
a miiform basis of coniparisdn was provided. The proportion of the ordinal sample 
remaining on to].i of the screen (plus the plump kernels passing through) "was 
expressed as a percentage ot the total sample. This ‘V'orrection factor was used 
as a. means of adjusting' field weights to values of a common shelling percentage 
of 60, as shown in the following formula: 

Corrected yield (lbs. per acre) == 

Iheld weight (lbs. per acre) X Correction factor (%) 

60 

EVALUATION OF FRUIT QUALITY 

To olitain greater accuracy and precision in measuring fruit quality than are 
lirovided by the ordinar}' technics, a rather detailed classification of fruit was 
iriade on the basis of kernel development. The procedure, described in detail 
elsewhere (3), consisted briefly of the following steps. At digging time the fruit 
from 10 to 20 plants were detached, dried, and taken to the laboratory. After 
the sample was freed from all travSh, each fruit was examined and classified in 
such a manner that it w^as possible to determine in a given sample the total 
number of ovarian cavities and to calculate the percentage of the total W'hicli 
contained cvell-developed kernels. The data herein reported are based on a total 
of 48,138 ovarian cavities. 

' Separation of “large and medium” kernels was made as described above. 
Tlieir weight evas usee! in determining true shelling percentage as shown by the 
following formula; 

Weight of large and medium kernels X roo 

True shelling percentage = — — . 

Weight of fruit in cleaned sample 

This value is more precise than the correction factor described above. The 
true shelling percentage more nearly reflects the exact conditions prevailing in 
the field since in its determination the empty shells are considered, hone having 
been blown through a thresher. Furthermore, unlike the correction factor, it is 
based on a trash-free sample. As pointed out previously, the correction factor is 
simply a means of adjusting field w^eights to common shelling percentage. 

REvSULTS AND DISCUSSION 

When the results of yield together with those of true shelling 
percentage and percentage ovarian cavities filled are considered 
for the four varieties at four separate locations, it is apparent that 
their presentation involved the tabulation of considerable data. 
Averages of data from all experiments cannot be used without 
considerable sacrifice of pertinent information from individual ex- 
periinents. Ftuthermore, the yield and quality data of any particular 
experiment are related to such an extent that their separation seems 
inadvisable. In an attempt to bring out more specifically the effects 
of treatment upon both yield and quality, the results from the 
individual experiments are presented separately in Figs. 2 and 1 
and in Table 3. 

EFFECTS OF TREATMENTS ON YIELD AND QUALITY OF EACH VARIETY 

^ Virginia Bunch.— ^The most striking feature of the data for the 
Virginia Bunch variety is the pronounced' response obtained from 
iliypsuni at all locations. At location RID, "where the calcium content 
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of the soil is relatively high, the response to calcium additions was 
least marked. The largest increase in yield brought about by gypsum 
was 1,214 pounds per acre at location RPF. 


YIELD EXPRESSED IN POUNDS 'PER ACRE 
SHELLING 60 PER CENT 
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Fig, 2 . The effect of certain soil treatments on yield and quality of four varieties 
of peanuts grown on a Norfolk loamy sand in 1943 (RPF). A - Least significant 
dmerence at 5% level; B — Least significant difference at 1% level.' 
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^ of the soil is relatively 'high, the response to calcium additions was 

g. :■ least marked. The largest increase in yield brought about by gypsum 

was 1,214 pounds per acre at location RPF. 

t ' 

YIELD EXPRESSED IN POUNDS PER ACRE 
SHELLING 60 PER CENT 


GK 



TRUE SHELLING PER CENT 




PER CENT OVARIAN CAVITIES FILLED 


VIRGIMIA BUNCH N, C. , RUNNER ■ SPANISH 2 B WHITE SPANISH 

Fig. 2. — The effect; of certain soil treatments on yield and quality of four varieties 
of peamits grown on a Norfolk loamy sand in 1943 (RPF). A = Least significant 
difference at 5% level; B Least -significant difcrence at 1% level. 






450 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

Limestone placed in the row did not meet the calcium requirement 
of the fmit as did gypsum applied to the foliage. Although yield and 
quality were increased slightly by the limestone-potash treatment 
at two of the locations, on soils of- low calcium levels the limestone 
treatment was entirely unsatisfactory for Virginia Bunch. 

A comparison of the yield data from the gypsum and the gypsum- 
potash plots shows that the response to added potash is small 
relative to that previously noted from the addition of gypsum. This 
is particularly significant since the levels of soil potassium were very 
low, 0.04 M. E. per 100 grams at three locations, and since there was 
a pronounced vegetative response from potash on these three soils. 


Table — Yield and quality of four varieties of peanuts as affected by soil treatments 

at two locations. 



Yield in Pounds per Acre, Shelling 60% 


Check 1 

251 i 

737 

1,614 

1,164 

C30 

91 I 

1,208 

1,463 

Gvpsnm 1 

L155 

hSH 

2,051 

1,059 

1 1,117 

CI 43 

1,747 

1,888 

Gypsum + potash. . . .i 

1,603 

1,949 

2,504 

1,283 

1,265 

1,104 

1,527. 

1,566 

Limestone 4- potash. . 

466 

742 

1,296 

1,318 

442 

1,081 

1,189 

1,581 

L.S.D. (. 05 ) 

701 . 

292 , 


True Slielling Percentage 


Check 

20.9 

41.2 

55*7 

66.4 

31-9 

36.1 

51.8 

724 

Gypsum 

554 

57-3 

60.5 

65.2 

45.6 

47.0 

59*9 

72.7 

Gy psum+ potash. . . . 

51-6 

56.8 

62.0 

69,6 

49.7 

43-6 

58.7 

72.8 

Li mestone + potash . . 

35-6 

45*2 

. . 

53-9 

67.9 

■ 24.3 

36.5 

52.8 

72.3 

L.vS.D 

(.05) = 7.9; 

(.or) = 

10.7 

(.05) =4.0; 

(.0!) = 

' 5*3 


Percentage Ovarian Cavities Filled 


Check 

10.8 1 

39.1 

5^0 i 

74*2 

33.8 

54-8 

58.7: 

824 

.Gypsum..,. 

41.0 i 

69.2 

68.8 i 

79.9 

45*1 

59-6 

69.4 

84.2 

Gypsum "f potash. . . .i 

38.9 i 

64.4 

68.5 

77.6 

52.5 

56.4 

67.2 ■ 

83.8 

Limestone -f potash,. . | 

19.4 1 

, ! 

37.0 

51*5 

72.1 : 

! 

14.6 

47.6 1 

55-6 

81.3 

L.S.D 

(.05) =8.5; (.01)= 

n.4 

(■05) 

= 13.0; (.01) = 

i7.3 


The“^effect of ' added potash on kernel development, discussed 
elsewhere in detail (i)-, deserves- special note. It will be observed 
that, in these experiments, potash has not aided in filling of fmit. 
In fact, it tended to lower shelling ■-■ percentage and the percentage 
ovarian cavities filled. Thus; were. 'it not for the vegetative' response^ 
from added potassium noted above, it is likely that an actual lower- 
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ing of yields may have resulted from additions of this element. It is 
evident, therefore, that the beneficial effect of potash was one asso- 
ciated with an increase in plant size, rather than with kernel develop- 
ment as in the case of calcium. 

North CaroUna Runner. — From the standpoint of both kernel 
development and yield,' the response of the North Carolina Runner 
variety to added gypsum is similar to that of Virginia Bunch but 
of a considerably lowered magnitude. For example, where the check 
yields of Virginia Bunch and North Carolina Runner were 271 and 
y 18 pounds per acre, respectively, the increases from added gypsum 
were 1,214 and 627 pounds per acre (RPF), respectively. The true 
shelling percentage values of the peanuts from untreated plots were 
28. 3 for Virginia Bunch and 55.1 for North Carolina Runner, where- 
as the corresponding values from the gypsum-treated plots were 
essentially the same, m,, 60.2 and 60.8, respectively. Although the 
calcium requirement of the North Carolina Runner was found to 
be somewhat lower than that of the Virginia Bunch, maximum yields 
of the former variety were not obtained without added calcium. 

It will be noted, as in the case of Virginia Bunch, that the lime- 
stone-potash treatment produced fruit of poor quality. In comparison 
with no treatment, the quality was significantly low^ered at location 
RPF and FWR by the use of this treatment combination. 

Potash affected the yield of this variety less than it did that of 
Virginia Bunch. Although a response in vegetative growth occurred 
on the three soils lowest in potassium, yields were not significantly 
increased i'li any of the experiments. As with Virginia Bunch, potash 
additions tended to lower fruit quality. 

Spanish 2B . — The calcium requirement of Spanish 2B was found 
to be lower than that of either Virginia Bunch or North Carolina 
Runner. Without exception, however, the quality was significantly 
improved' by the use of gypsum. The effect of calcium on fruit quality 
was somewhat greater than it was on yield. As with Virginia Bunch 
and North Carolina Runner, the use of limestone in the row did not 
meet the calcium requirement for normal fruit development. This 
is evidenced by comparing data on yield, true shelling percentage, 
or the percentage of the ovarian cavities filled from the gypsum- 
potash. plots with the corresponding data from the plots receiving 
limestone and potash. 

Potash exerted essentially the same effect on vegetative growth 
and on both 3deld. and quality of fruit of Spanish 2 B as it did on 
Virginia Bunch. 

■ White Spanish— Even on the soil of the low^est calcium level, 
neither yield nor quality of White Spanish peanuts was affected by 
the addi tion of gypsum.^ This behavior is in marked contrast to 

sData from location RD where soil calcium was highest ' (i. 15 M.E. per 100 
grams) show that gypsum significantly increased the yields.. These data are not 
in line with those obtained from the other experiments nor with data on true 
shelling percentage and percentage cavities filled from the same ulots of this 
expel imeiit, .Furthermore, a consideration of the. data on soil calciiim would lead 
one to expect a smaller response on this soil from the use of gypsum than on the 
other three^ where no yield response occurred. Therefore, little confidence is 
being placed in this apparent response. 
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that of the other varieties, and the data illustrate the extremely 
low calcium level at w’-hich normal kernel development of this variety 
may take place. , . . . 

Potash exerted essentially the same, effect on' the yield, of the White 
Spanish variety as it did on Spanish 2B or Virginia' Bunch, 'At one 
location (FWR), the use of potash resulted in an increase in yield 
which was highly significant; and at two locations (RPF and ZRW), 
the differences were somewhat below' those required for significance 
at the .05 level, A comparison of quality of fruit from the gypsum 
plots^with that from gypsum-potash plots shows that potash had 
no effect on fruit quality. In comparison with the gypsum-potash 
treatment, the limestone-potash treatment resulted in fruit of slightly 
lower quality at the three locations where soil calcium was lowest. 
This was especially true for percentage cavities filled in which case 
the depression was highly significant at locations RPF and PRW. 

COMPARATIVE RESPONSE OF THE FOUR VARIETIES TO EACH FERTILIZER 

TREATMENT 

In making comparisons between varieties it must be kept in mind 
that all yields have been adjusted to a common shelling percentage 
of' 60. Therefore, the values showing the yields of Spanish varieties are 
higher than would ordinarily be reported since the yields of these vari- 
eties are commonly expressed in ternis of a shelling percentage of 70. 

It is readily seen from the data presented that the relative behavior 
of the four varieties greatly depends upon the soil treatment. For 
example, without treatment, Virginia Bunch yielded lowest at all 
locations and the Spanish varieties yielded highest. 

How^ever, w^heii all varieties received gypsum, the yields of Virginia 
Bunch were highest at two locations and compared favorably with 
those of the Spanish varieties at the other two. ^ The fact that the 
use of gypsum on these soils low in calcium has been relatively more 
beneficial to Virginia Bunch is in agreement with the differences in 
the calcium requirements of the varieties as already^ discussed. , 

The response to added potash was similar for all varieties and,' 
therefore, the relative yields obtained from the gypsum-potash 
treatment wiere essentially the same as those , obtained from the use 
of gypsum alone. 

With the limestone-potash treatment, the Spanish varieties 
yielded higher than Virginia Bunch or North Carolina Runner. 
This behavior is in agreement with the' lowrer calcium requirements 
of . the Spanish varieties and the inadequacy of the limestone treat- 
ment as a means of supplying available calcium necessary for fruit 
development. 

When all comparisons are considered, it is evident that on soils 
lo'w ill calcium the production of, Virginia Bunch peanuts is more 
hazardous than that of Spanish varieties. 

The results call attention to the need for consideration of soil 
characteristics and, fertilization' "'practices, in -conducting variety 
experiments with peanuts. Likewise, they emphasize the necessity 
for considering the nutritional requirements of peanuts on the basis 
of variety. 



MIDDLETON^ ET AL. : EFFECT' OF CA AND -K ON PEANUTS 4 53 
COMBINATION OP VARIETY AND FERTILIZATION . FOR HIGHEST ' YIELDS 

From the standpoint of peanut production only the highest yield- 
ing combinations are of practical interest. The highest yielding 
combi nations differed from experiment to experiment but, in general, 
Virginia Bunch or Spanish 2B fertilized with gypsum and potash were 
found to be superior. 

Fro'in one location to another, .the effects of the fertilization treat- 
ments Oil a particular variety are more consistent than the relative 
yields of the four varieties receiving a given treatment . This suggests^ 
that even when the calcium and potassium requirements are met 
some factor not herein investigated influences the yield of one 
.variety more than it does another. In this connection, it is of interest 
to note that the Spanish varieties performed relatively better on 
the soils of highest organic matter levels. The possibility of a differen- 
tial response from nitrogen is suggested and this problem is now 
under investigation . 

OIL CONTENT 

Oil determinations were made on kernels separated in the manner 
desciibed under “Materials and Methods”. The results obtained are 
presented in Fig. 4 and Table 4. 

Perhaps the most significant feature of these data is the reinarkably 
small differences in oil contents of the plump kernels of the four 
varieties from plots on which wide differences in yield and quality 
were obtained. However, there are some significant differences in 
oil content brought about by treatment even though the magnitude 
of these differences is not large. For the three varieties which re- 
sponded to additions of gypsum (Virginia Bunch, North Carolina 
Runner, and Spanish 2B), the oil is highest in the kernels from fruit 
of a high shelling percentage. This is true rather consistently on the' 
three soils of lowest calcium content. 

A probable explanation of the effect of treatment may be made on . 
the basis of supplementary data showing- that oil content is affected 
more by plumpness than by mineral nutrient supply. 

Ill an experiment with the Virginia Bunch variety (MLW) ' which 


TABhii 4,--~-'Percentage oil content of *Harge and medium kernels'' of four mrieties of 
peanuts as affected by soil treatment at two locations. 
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Limestone -fpo'tasli'. 

48.9 
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46.9 

1 . ■ : 
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49.6 

51.2 

50.0 

49.7 
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49.8 
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53-7 

55-1 

51-3 

i 
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49-3 

47.8 

47.3 
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48.0 

50.5 
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. 50'..5 
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, 51.2 
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L.S.D 

(.05) =2.1; (.01) =2.8 

(.05) = i.6; (.01) =2.2 
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is described in detail elsewhere (i),; yields varying from 154 to 1,028 
'pounds per acre were obtained by the additions of the sulfates of 
calcium, potassium, and' magnesium. Kernels from each plot remain- 
ing on top of a screen with 15/64' X I 'inch perforations were examined 
closely and separated into two groups, viz., (a) those very plump, 


PER CENT OIL 



LOCATION (FWR) 


Fig. 4. — The effect of certain soil treatments on oil content of kernels of four 
varietiCvS of peanuts at' two locations. A = Least significant difference at 5% 
level; B = Least significant difference at i% level. 

and (b) the remainder, which consisted of kernels with somewhat 
wrinkled seedcoats. It was found that. the percentage oil in the, plump 
kernels was virtually ; unaffected by treatment. However, the oil 
content of the ‘Remainder’ '■. of' the large and medium kernels was 
highest in the kernels from the gypsum-treated plots/ ' 

The fact that the oil .content varies with kernel sizie of each of the 
four varieties is shown by data in. Table 5, Without exception, the 
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larger kernels of a given variety were higher in oil than the; smaller^ 
ones. The differences are. particularly ■ pronounced with Virginia 
Bunch and least so with White Spanish. 

Ill view of these results it appears logical to assume that the varia- 
tions in oil content shown by data in Fig. 4 and Table 4 are due 
primarily to variations in degrees of plumpness and not to the specific 
influence of mineral nutrition on kernel composition. If this is true, 
the effect of gypsum on White Spanish is an especially interesting 
one. The oil content of kernels of this variety from' the three 
soils lowest ill calcium is raised by the application of gypsum even 
though this treatment had no effect on yield or true shelling per- 
centage and only a slight effect on percentage of the ovarian cavities 
filled. Thus it would seem that the oil content, a criterion very sens!-' 
tive to plumpness, has shown an effect of gypsum on White Spanish 
kernel development which was undetected by either yield or 'quality 
measurements. 

YIELD OF OIL PER ACRE 

From the oil content data already presented, it is obvious that the 
yield of oil per acre is quite closely related to the yield of plump 
kernels. Individual oil yields are not presented, but they can be 
readily obtained by multiplying the percentage of oil by the corre- ' 
spoTiding yield of kernels (60% of the fmit yield herein reported). 
The yields of oil by treatment and variety have been averaged for 
all locations and the data are presented in Table 6. The interpreta- 
tion of these average values is, of course, subject to certain limita- 
tions because variations associated with locations are not brought out. 


Table 5. — Percentage of oil as affected by kernel size (CLB). 


Variety 

Large"*" 

Mediimit 

. 

Remainder 

Vinfiiiia Bunch J 

52.5 " 
54.0 

54-0 

54-5 

46.4 

51.1 

36.4 

40. 1 

39-6 

46.8 

N. C. Runner 

Spaiiisli 2B 

White Spanish ' . . ' 

3.1 .u 

547 


-^-Remaining ou top of a screen with 20/64 inch perforations. 

tPiissnig tiirongh a screen of 20/64 inch perforation but staying on top of a 15 /64 inch screen. 


Table 6, — Pounds of oil per acre, average yields from four locations. 


Treatment 


, .Variety 

Check 

Gypsum 

Gypsum -j- 
potash 

Limestone ~\- 
potasli 

.Virginia Bunch . . 

127 

350 

355 

439 

346 

435 

396 

502 

388 

133 

N. C. Riinner. 

212 

346 

323 

Spanish 2 B . ... . . .. 

214 

White Spanish. 

313 

367 


Several interesting relationships are shown by these data. The high- 
est oil yield of 502 pounds per acre was obtained from Spanish 2B 
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fertilized with gypsum and potash. The two next highest combina- 
tions, which- yielded essentially the - same, are Spanish 2B fertilized 
with gypsum, 439 pounds, and, Virginia Bunch fertilized with gypsum 
and^ potash, 435 pounds. It will be noted that the White Spanish 
variety, which is usually thought of' as the best for oil production,' 
yielded -as a maximum only 388' pounds per acre. The lowest yields 
were obtained from the Virginia Bunch variety when it was unfer- 
tilized or treated with limestone and potash. 

SUMMARY AND CONCLUSIONS 

Although certain effects of calcium and potassium on kernel 
development and yield of large-seeded type peanuts have been 
determined, the effects of these elements on peanuts of smaller seed 
size have not been thoroughly investigated. 

To compare the behavior of four varieties which differed widely 
in type and seed size to the .addition of calcium and potassium, 
field investigations were undertaken on soils low in these elements. 
The soils selected represented those commonly encountered in the 
southern Coastal Plain area of North Carolina. They were somewhat 
lower in fertility and calcium levels than those characteristic of 
the older peanut area of this state. The four varieties selected were 
Virginia Bunch, North Carolina Runner, Spanish 2B, and White 
Spanish. Four fertilization variables were superimposed on each 
variety, viz., no treatment, gypsum, gypsum plus potash, and lime- 
stone plus potash. The effects of these treatments upon each variety 
were determined by measuring yield, true shelling percentage, and 
percentage of the ovarian cavities filled. 

The most striking feature of the results was the pronounced differ- 
ence that the four varieties exhibited in their requirements for 
calcium. Virginia Bunch was found to have by far the highest calcium 
requirement of any of the varieties used. At one location, for exam- 
ple-, yield of this variety was increased nearly six fold by the applica- 
tion- of gypsum, that of North Carolina Runner nearly two fold, 
whereas those of Spanish 2B and White Spanish were not appreciably 
affected. The effect of calcium on the quality of fruit of each of the 
varieties at the same location is shown by the following increase in 
percentage cavities filled which were obtained by the use of gypsum: 
Virginia Btmcli, 35.5; North Carolina Runner, 24.8; Spanish 2B, 
19.0; and White Spanish, 4.6. ■ 

The increases in yield from added potash were small in comparison 
: with those obtained by the use-of gypsum. There was little difference 
in varietal response to potash additions, although North Carolina 
. Runner- tended to respond -somewhat less than the other varieties. 
Potassium had no beneficial effect on kernel development and its 
addition resulted in increased yields through its effect on plant size. 
This behavior is in marked contrast to that of calcium, in which 
yields were increased through the beneficial effects of this element 
oil kernel development. ■ ■ ' 

The oil content of large and medium kernels was affected com- 
paratively little by fertilization or by. variety. In general, however, 
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the kernels from fruit of a high shelling percentage were somewhat 
higher in oil than those frorn fruit ''■of lower quality. The yield of oil 
per acre is essentially a function of - pounds of plump kernels produced. 

When all the results of this study are considered, it is evident 
that peanut breeding and soil fertility programs are virtually in- 
separable. Recognition of differences in fertilizer practice and soil 
characteristics, particularly with respect to calcium, are .essential 
for research in peanut breeding. Furthermore, problems in peanut 
nutrition cannot be attacked so successfully when differences in; 
varietal behavior are disregarded. 
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DALLIS GRASS SEED SOUReES^ 

Glenn 'W. Burton® 

D ALLIS grass, paspalum dilatatum Poir., ranks first among the 
perennial grasses that are being planted in improved pastures 
in the Southeast. Its palatability and nutritive value make this 
popularity well deserved. It is well adapted to lowland, and fertile 
upland soils but cannot compete with some of the other grasses on 
soils low in fertility. 

Many of the Dallis grass plantings made in recent years have failed. 
Perhaps first among the factors that have contributed to these 
failures has been the poor quality of the seed planted. Ergot, Claviceps 
paspali Stevens and Hall., a fungous disease that destroys the seeds, 
has been largely responsible for this poor quality and indirectly 
for the high price that Dallis grass seed has commanded. Inadequate 
fertilization of the poorer soils and anthracnose, caused by Colleto- 
trichum graminicohmt, have also hindered establishment divl nave 
caused good stands to die out and to be replaced by other grasses 
During the past 8 years a careful study of this species has lieen 
made in an effort to determine to what extent the problems just 
mentioned might be so.lved by the plant breeder. It is the purpose 
of this paper to report some of the findings of this study. 

MATERIALS AND METHODS 

A 3 X 3 foot spacing of individnal seedling plants was used for studying the 
variability within different lots and strains of Dallis grass. The plants for these 
studies were established in the greenhouse as follows: In January or early Febru- 
ary each lot of seed was planted in a separate pan of steam-sterilized soil. When 
the .seedlings in these pans had developed their third leaf, they were transplanted 
individually to 2-inch clay pots of sterile soil. These were placed in well-rotted 
saw dust, were well fertilized, and were held in the greenhouse for about 3 months 
before they were transplanted in the field. This technic produced large plants 
that could be transplanted to the field without loss, giving the desired perfect 
stands without replanting. 

In the fail of 1941 an experiment was designed to determine the variability 
within and between different seed sources of Dallis grass. Seed lots from South 
Africa, Uruguay, Australia, and the principal seed- producing areas in tlie United 
States were obtained. On May 21, 1942, seedlings from 24 different seed sources 
were space- planted in four-plant family rows replicated 10 limes. On A])ril 29 
of the same year, 10 of these strains w^ere seeded in 4. X 18 foot plots replic'ated 
six times. The weed growth on these plots was mowed several tim.es in 1942, 
and in 1943 and 1944 yields of dry matter were obtained by clipping the plots 
at 2“Weelv intervals with a power lawn mower. 

In making tlie yield and green growth ratings on the siiaced plantings, each 
plant was rated from i to 5 on the basis of its relative size and amount of green 
foliage, the best plants receiving a rating of i. In the last two ratings plants 
nearly dead were rated 6 and dead plants were rated 7. The total rating for the 
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Crops and Diseases, Bureau of Plant Industry,- Soils and Agricultural Engineering, 
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Cc'sastal Plain Experiment Station, and the.Georgia Experiment Station. Received 
for publication January 31, 1945.. 

‘^Geneticist, IJ. S. Dept, of Agriculture, Tifton, Ga. The writer gratefully 
acknowledges the contributions of Dr. Bernardo Rosengurtt, Estacion Juan 
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burton: daluis grass seed sources 


459 


four p’laiits in cacli familv row was then determined and these totals were sub- 
if'ctad to st.atistical annlvses. The mean four-plant total for each strain appears in 

Table i, ' ■' ' . 

On I'uiv 14, 1942, a long and a short glassine bag were placed on single panicles 
on each of two different plants in each four-plant row of the space-planted strain 
test. When mature, these heads were harvested and the number of caryop^^s 
I’-roduced on each panicle was determined. Open-pollinated panicles were also 
liarvested from each bagged plant, but most of them were not analyzed because 
they were heavily infected with ergot. Since there were no consistent differences 
between the number of car3mpses formed under short and long bags, all of the 
data were pooled to furnish the mean values in Table i. 

All seed of the current season was harvested from each plant in the space- 
planted strain test on August 7, 1943. When dry, each seed, lot was _ threshed, 
screened, e.iirj placed in a' properly labeled coin envelope. The technic used in 
.-irriving at the percentage of heavy florets and the number of ergots in 100 heavy 
florets l:ia.s Ijeen described elsewhere.^ 

Correlation coefficients have been calculated to show the relationship betw-een 
a iiiirnl;)er of the characters considered in this study. Due to the manner in which 
the yield ratings were taken and are presented, correlations between them and 
actual yields give negative coefficients when the relationship is obviously a 
positive one. Therefore, in an effort to avoid confusion, plus and minus signs 
have purposel}.- been omitted from the r values included in this papier. 


RESULTS 


A Dallis grass disease sun^ey made in the sumiuer of 1936 revealed 
that occasional isolated plants of Dallis grass growing along roadsides 
were free of ergot but that all plants in pastures or rather dense 
plantings were heavily infected. In 1937, some 4,000 Dallis grass 
seedlings coming from commercial seed lots and the isolated plants 
found to be free of ergot in 1936 were space-planted for study. These 
4,000 plants were found to be remarkably uniform in “growth habit 
and were all .heavily infected with e.rgot. " 

111 1938, seed of four strains of Dallis grass, reported to be resistant 
to ergot, were obtained fro,m T. C. Seccombe, Goffs Harbour, N. S. 
Wh, Australia. ^Space plantings of these strains interplanted ' wdth a 
Hamburg, Louisiana strain w^'ere carefully studied in 1938. All plants 
ill this test were foun.d to be uniform in -type and appeared to be 
equall}^ susceptible to ergot. 

By fall of^ 1939 most of the plants in the 1937 Dallis grUvSS planting 
had died. Before destroying this planting, an unusually vigorous 
plant AWis taken to the greenhouse for seed increase. This plant 
came from seed harvested in the vicinity of Tiftoii, Ga.. In the spring 
ol: 1941 selfed seedlings from this plant were space-planted with five 
Australian introductions, P.I. 136834 to^P.I. 136838, in short family 
rows replicated ■ several times. By midsummer it was apparent 
tlia.t the Australian introductions were very similar to the other 
strains of Dallis grass that had been studied at Tift on. The local 
selection D-i, however, was more erect in its growth habit and 
piodiiced more leaves and. fewer heads. ’The most striking difference 
in this test was ^ the manner in which D-i continued to grow until 
frost, while the introductions ceased ' growth ■ in August. Thus, D-i 
became the first distinctly divergent type that had occurred in the 


'^Burton, Gl.e:nn W. A technic for measuring 
species. Jour. Amer. Soc. Agron., 37:160-162. 1945. 
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Dallis grass studies. Representative plants of D-i and, one of the 
Australian introductions are shown in Fig. i. 

Since all of the D-i plants were very utiifo'rm, it seemed advisable 
to blend them together in a strain. This was accomplished in the 
fall of 1941 by isolating D~i plants from other Dallis grass in the 
vicinity ])y frequently clipping the other plants to prevent flowering. 
The open-pollinated seed from these D-i plants, when thoroughly 
mixed, became the D-i strain included in the seed source tests. 
Open-pollinated seed from the most vigorous of these plants became 
the D-2 selection entered in the spaced plant comparison. 




Fig. I. — Dallis grass plants photographed August 15, 194.1. On the left is a plant 
of the Australian introduction P.I. 136837 and on the right a plant of the leafy, 
anthracnose-resistant D- 1 strain. 


The results of the space-planted strain (seed source) test are 
summarized in Table i. Since highly significant F values for strains 
were obtained for each of the 13 measurements, it may be concluded 
that the strains studied in this test differed significantly in forage 
yield, anthracnose resistance, self fertility under bag, heading date, 
ergot resistance, and longevity. 

PLANT TYPE 

The 24 strains in this test could be easily classified into three 
distinct plant types. Most of them, were so similar in type that they 
could not be separated one from another. Since these strains were 
representative of the Dallis grass generally grown in the South, 
they were given the type name of common Dallis grass. D-i and D-2 
components of the anthracnose-resistant leafy group, differed from 
the common Dallis group by being much more resistant to anthrac- 
nose and by producing more leaves, fewer and more erect seed stalks, 
and somewhat smaller panicles (Fig. i). Plants in the third group, 
characterized by the individual shown in Fig. 2, were much more 
erect and less leafy than the common or leafy groups. They also 
dcvel<j|'3cil larger, much more pubescent florets and yellow anthers. 
(All plants in the first two groups had purple anthers. ) All of the plants ' 
in P.I. 142259 and approximately three-fourths of the plants in 



The comparative response of 24 strains {seed sources) of Dallas grass when space planted in four-plant family ro%, 

replicated lo times * 
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)wth rating is an index of anthracnose resistance. The lower the yield and green growth ratings, the greater the yield and amount of green growth. 
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Fig. 2. — Dallis grass plants photographed September i6, 1942. From left to 
right occur representatives of the common and erect yellow-anthered groups, 
respectively. 


P.L 142257 and 142258 fell into this yellow-anthered group. The 
other plants from the Uruguayan seed lots, including all of P.L 142255 
and 142256, were similar to common Dallis grass in growth habit. 

The mixtures of common and yellow-anthered types in P.L 142257 
and 142258 have been described. All plants within any one of the 
other 22 strains were remaidcably uniform in plant type. 


PLANT YIELD 


Four yield estimates and two actual plant yields m^ere made for 
each plant in this study. These data, summarized in Table i, indicate 
that different .seed sources do differ in yielding ability. That close 
relations exist between the mean' yield estimates and actual yields 
is shown by the highly significant correlation coefficient of 0.88 
ol~>taincd between the July 14, 1942, rating and the September 18, 
1942, actual yield. A .somewhat lower positive correlation of .64 
was obtained between the actual yields taken in 1942 and 1943 be- 
cause some strains, particularly D-i and D-2, increased noticeably 
ill yielding ability with time, - while the Greensboro, Ala., strain 
and several of the Uruguayan strains lost vigor. It may be con- 
cluded, therefore, that the yielding ability of Dallis grass , strains 
cannot be adequately evaluated in the first year of, testing. 

The close agreement .between the Two Selma, Ala., seed sources 
in yield performance and all .other "measurements .is most interesting. 
Since these strains were obtained from two different seedsmen, it^ 
appears that they either came originally from the .same field or that 
the Dallis grass growing in the" vicinity of Selma is very uniform 
with respect to the characters studied, in this test. 
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ANTHRACNOSE RESISTANCE , 

Aiitliraciiose attacks the leaves '.and stems of Dallis grass in the 
stinimer and early fall, creating large lesions that frequently girdle 
and kill most' of the above-ground parts. As a result, susceptible 
plants that have not been .clipped or grazed become so weakened 
that they make very little growth and sometimes die. Consequently, 
the amount of late summer growth is closely associated with aiithrac- 
nose resistance and may be used as an index of resistance to this 
disease. On September 9, 1943, approximately i month after all 
plants had been cut for yield- determinations, each plant was rated 
from I to 6 on the basis of the amount of green foliage that it had 
produced. The summary of these ratings, presented^ in Table i, 
indicates that these strains differed very significantly in their resis- 
tance to aiitliracnose and in their ability to grow in late summer. It 
also shows that D-i and D-2 w'ere highly resistant to anthracnose 
while the strains from West Point, Miss., Boligee, Ala., Durham, 
N. C., and Uruguay appeared to be more susceptible than the others 
to this disease. 


SELF FERTILITY 


The self fertility of these 24 strains was studied in the summer of 
194-2 when single panicles on half of the plants in the spaced strain 
test were bagged with a long and a short glassine bag. A bad wind 
storm that bent many of the bagged culms and ergot which attacked 
the open-pollinated heads no doubt had considerable influence on 
the results obtained from this study. No ergot formed on the bagged 
heads, due no doubt to the isolation from the insect vectors that 
spread the infectious “honey dew”. Forty-four per cent of the bagged 
panicles produced no caryopses. Since these occurred most frequently 
in strains that set very few seeds under bag, they were averaged 
with the caryopses counts to give the strain means presented in 
Table I. It is recognized, however, that many of these failures to set 
seed may have resulted from injury incurred during the wind storm. 

It is evident from the results summarized in Table i that the 
strains in this test differed in their ability to set seed under bag. 
Three of the introductions obtained from Uruguay were much more 
.fertile than the. others when bagged. They also produced significantly 
more open-pollinated seed per panicle than the other strains in the 
test. 

Due to the disturbing influence of ergot upon seed setting* and 
the difficulty of separating caryopses from ergots, only 50 of the 
open-pollinated seed samples were analyzed for seed set. All but 
two of these panicles contained some caryopses. A statistical study 
of the seed set on these 50 plants gave for the bagged panicles an 
average of 9.8 caryopses and for the open-pollinaed panicles an 
average of 18.9 caryopses. This difference far exceeded the 1 % level 
of significance. 


*Burton, Glenn W. Factors influencing seed setting in several southern 

grasses. Jour. Am, er. Soc. .Agron., 35:465-474. 1943. 
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HEADING DATE 

The small least significant -mean difference of 1.4 days required 
for the heading date means is indicative of the uniformity in heading 
date exhibited by the plants within the various strains. A number 
of the strains differed significantly in the date when the first heads 
appeared, but D-i and D-2 were the only strains that differed greatly 
from the others in this respect.. They began to head approximately 
a week later than the other strains in the test. 

ERGOT RESISTANCE 

The three yellow-anthered strains from Umguay produced a 
higher percentage of heavy florets by weight than any of the other 2 1 
strains. They also were much more ergot resistant, producing only 
about one-half as many ergots per 100 heavy florets. These results 
suggest that these two characters are related. If all 24 strains are 
included in calculating the correlation coefficient, a significant 
value of .73 is obtained. If, however, the Uruguayan strains are 
not included in the calculation, a nonsignificant correlation of 
.20 is obtained. Thus, it may be concluded that within common 
Daliis grass there is no relation between the percentage of heavy 
florets by weight and the number of ergots in 100 heavy florets. 
Therefore, the percentage of heavy florets will throw no light upon 
the ergot resistance of common Daliis grass strains and need not be 
considered in maldng an appraisal of the ergot resistance of these 
strains. 

The fact that several of the common Daliis strains produced 
significantly fewer ergots than others suggests that a program of 
careful testing and selection in existing ecotypes should result in 
the development of more ergot-resistant varieties. The degree of 
resistance shown by the common Daliis strains in this test, however, 
was small compared with that shown by the yellow-anthered strains 
from Umguay. Perhaps, therefore, the greatest progress in breeding 
for ergot resistance may be made by hybridking the ergot-resistant 
yellow-anthered strains with some of .the best strains of common 
Daliis grass. 

MORTALITY 

The percentage mortality data summarized in Table i show that 
by fall of 1943 only 5 of the 24 strains differed significantly from 
the best in mortality. One year -later, however, 19, of the 24 strains 
had experienced a significantly' greater mortality than D-i and D-2. 
The three common Daliis strains that failed to differ significantly 
from D-I and D-2 in mortality came from .Montgomery, Ala., Selma, 
Ala., and Melbourne, Australia, Since the mortality percentages 
for these three strains were over three times the mortality percentages 
for D-I and D-2, it seems probable that in more critical tests they 
would have been significantly different. ■ 

Since neither the estimated yield made on July 14, 1942, nor the 
actual yield on Sept. 18, 1942, are significantly correlated with the 
percentage mortality of Nov. i, 1944, it is evident that differences 
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in establishment and early vigor were not responsible for the strildng 
variations in mortality that were - obtained. The highly significant 
euiTelation of .87 obtained between the amount of green growth 
on Sept. 7, 1943 (the anthracnose resistance index) and percentage 
mortality on Nov. i, 1944, indicates that the maintenance of stands 
in Dallis grass is closely associated with the resistance of the strain 
to anthracnose. The plant yield estimate on Nov. 18, 1942, in much 
the same manner as the amount of green growth on Sept. 
should be an index of anthracnose resistance. The yield rating^ of 
Nov. 18, 1942, was closely correlated with the percentage mortality 
of Nov. I, 1944, giving a correlation coefficient of .85. In both cases 
the mortality percentage decreased as the anthracnose resistance 
increased. Thus, it appears that selection in the first year of plants 
that make good fall growth and are anthracnose resistant will, in 
most cases, be selection for longevity. 

REACTION Wn-IEN CLIPPED FREQUENTLY 

A summary of the production of 10 Dallis grass strains when 
seeded in broadcast plots and clipped frequently is presented in 
Table 2. It is apparent from these data that in i943> except for 
the early summer period, the strains did not differ in productivity 
when clipped at 2--week intervals. In 1944, however, significant 
strain differences in yield of dry matter were obtained in all but 
the fall period. In this period the annual crab grass filled the spaces 
left by dying Dallis grass plants and made up a large percentage of 
the clippings on some plots. 

An explanation for the lack of correlation between the 1943 and, 
1944 yields of clippings may be found in a study of the relation 
between stand and yield. In the spring of 1943 there was no noticeable 
difference in stand in the 10 Dallis grass strains and no significant 
differences in total yields were obtained in that year. On March 3, 
1944, significant strain differences in stand were observed and these 
differences were closely related to the total 1944 yields^ giving a 
highly significant positive correlation coefficient of .82. These obser- 
vations suggest that the spring stand had a-marked influence on the 
yields obtained during the remainder of the year. 

The March, 3, 1944, stand percentages from these plots give a 
highly significant coefficient of .89 when correlated with the amount 
of green growth ratings for Sept. 7, 1943 , for the same strains grown 
in the space-planted test. Expressed more specifically, strains show-- 
ing the .most green growth on Sept. 7,: 1943, m,aintamed the best' 
stands in. seeded .plots. Since the amount of green growth on Sept. 7, 
1943, is a good index of .anthracnose /resistance, it appears that 
variations in the resistance of ' these 10 strains to this disease were 
largely responsible, for the strain variations in stand and yield observed 
ill. the clipping test. : , ' 

SPACED RLANTING VS. , CUPPING" FOR EVALUATING STRAINS 

T,liere has been, considerable, speculation as, to the^ usefulness of 
the spaced plant test ,i 3 i evaluating. strains of forage plants for pasture 
purposes. The relationship between the, response of different strains 
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when grown in. spaced plant tests' and when clipped should indicate 
the weight that may be given to results obtained from space-planted 
progenies. Obviously, the- nature of the test and the material being 
tested will influence the results. 

Correlation coefficients have ^ been calculated to show the relation 
between the response of 10 Dallis grass strains when grown in spaced 
plant and clipping tests. Between the amount of green growth rating 
on Sept. 7, 1943^1^ the space test and the percentage stand in^the 
plots March 31, 1944, a highly significant conulation of .89 exists. 
A correlation of the same magnitude was obtained between the green 
growth rating of Sept, 7, 1943, and the percentage of green tissue in 
the plots oil Nov. i, 1944. It is evident, therefore, that strains capable 
(if riiakiog good fall growth in spaced plant tests will do likewise 
in seeded” plots. They will also maintain better stands when grown 
in broadcast plantings. 

A highly significant correlation of .82 was obtained between the 
percentage of living spaced plants on Nov. i , 1944^ and the percentage 
of green tissue in the clipped plots on Nov. i, 1944. Thus, it appears 
that iongevit}^ measurements obtained from space-planted Dallis 
grass strains may be expected to apply when they are clipped to 
simulate grazing. 

The positive correlatio.n coefficient of .66 obtained between the 
Aug. 7, 1943, spaced plant yields and the total 1944 clipping yields 
ejxceeded the 5% level of significance. Although this coiTelation is 
low, it is interesting to note that the five lowest yielding strains' in 
the spaced plant test were likewise the lowest yielding strains in the 
clipped plot test. Expressed in another way, the lowest yielding 
half of these 10 strains could have been discarded on the basis of 
the Aug. 7, 1943, spaced plant yield without losing any of the five 
most productive strains in the clipped plot test. 

It may be concluded, therefore, that a spaced plant test, such 
as the one described here, will be very useful in evaluating Dallis 
grass strains. Such a test will give ratings on anthracnose resistance, ■ 
fall growth, longevity, and yield which may be expected to apply 
reasonably well when the strains are grown in broadcast plantings. 
The spaced plant test requires less seed, land, and labor than the 
clipped plot test and frequently all of these items are scarce in a 
forage breeding program. It also facilitates the study of the fioweriiig 
and , seeding characteristics and the ergot resistance of each strain. 
In addition, the spaced plant test furnishes some information that 
the clipped plot test can not furnish, such as a knowledge of the uni- 
formity and breeding behavior of "each strain. On the other hand,., 
the reaction of the, strain with other species must be studied in broad- 
cast plots. The best testing technic would seem to involve the use of 
the spaced, plant,, test to evaluate all strains and to eliminate all but 
a few of the best ones.. These might then be tested alone and in' 
association with other species in a clipped plot test. ' 

DISCUSSION 

None of the Dallis grass^ strains included in these tests were out- 
standing ill all characteristics. . They did. differ sufficiently, however, 
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to warrant further testing . in .order to direct only the best strains 
into commercial seed channels. 

The truly superior Dallis grass will combine the ergot resistance 
and fertility of the yellow-anthered Uruguayan strains and the 
leafiness, anthracnose resistance, and longevity of D~i and D~2 
with the productivity of some of the best strains ■ of common Dallis 
grass. The development of this strain' will require time and, the best 
efforts of the plant breeder as he manipulates the building blocks 
that this study has discovered. 

SUMMARY 

1. Twenty-four strains or seed sources of Dallis grass coming 
from South Africa, Uruguay, Australia, and the principal seed- 
producing areas in the United States were compared in a spaced plant 
test at Tifton, Ga. Ten of them were also evaluated in a clipped plot 
test. Statistically significant strain differences in forage yield, 
anthracnose resistance, self fertility under bag, heading date, ergot 
resistance, and longevity were observed. 

2. The 24 strains fell into three distinct plant types. Nineteen, 
so similar they could not be separated one from another, made up 
the common Dallis grass group. D-i and D-2, components of the 
leafy group, differed from the common Dallis group by being much 
more resistant to anthracnose and by producing more leaves, fewer 
and more erect seed stalks, and somewhat smaller panicles. The 
yellow-anthered type, in addition to having yellow instead of purple 
anthers, was more erect, less leafy, and developed larger, more 
pubescent florets than the other two types. 

3. Mixtures of common and yellow-anthered types occurred in 
two introductions. All plants within any one of the other 22 strains 
were remarkably uniform in plant t^^pe. 

4. Small but significant differences in ergot resistance occurred 
between different strains 'of common Dallis grass. The yellow- 
anthered strains from Umguay were much more resistant to ergot 
than any of the other strains tested. 

5. Anthracnose resistance' indices were very closely correlated, 
with longevity and stand variations, indicating that aiithracnose- 
resistant strains will tend to live longer and’ maintain better stands 
than strains susceptible to this disease. 

6 . Evidence is presented to indicate that a spaced plant Dallis: 
grass strain test will give- ratings on anthracnose resistance, fall 
growth, longevity, and. yield which may be expected to apply reason- 
ably well when the strains in question are compared in a clipped plot 
test. 



. STUDIES ON SAMPLE SIZE AND NUMBER OF 
REPLICATES FOR GUAYULE INVESTIGATIONS^ • 

Walter T. Federbr^ 

11 THENEVER experimental work is started on a new crop it is 
VV desirable to determine sample size and number of replicates 
necessary to obtain reliable means. ^ This is particularly trae for a 
crop such, as gtiayiile in which the variability due to genetic differences 
is large. The standard error of a variety or treatment mean usually 
can be decreased more rapidly by increasing the number of replicates 
rather than increasing the number of plants per "plot. The purpose 
of this study is to determine the most efficient distribution of plants 
and, replicates to obtain the maximum amount of information per 
plant, sampled. 

MATERIAL AND METHODS 

Seven varieties or strains of guayule, 109, 130, 405, 406, 407, 416, and 593, 
were employed in this study. Since some of these varieties differ widely ,in mor- 
phological and physiological characters, the results of this study may be expected 
to have more general application than if one variet}^ or like varieties were used. 
The more important economic plant characters, percentage of rubber per plant, 
dry weight of shrub per plant, and weight of rubber per plant, were used in this 
study. The latter two characters were recorded in grams. Weight of rubber per 
plant is the product of percentage of rubber and dr}^ w^eiglit of shrub. 

The design of the experiment was a randomized complete block with 27 
replicates per variety. Two plants were sampled from each i /40-acre plot. These 
two plants were selected at random but with the restriction that they be sur- 
rounded by a full stand. This restriction was employed to avoid the influence that 
extra area (caused by missing plants) might have on the characters studied. 
This makes the study applicable to the stands of guayule that may be expected 
in the future (4).® The experimental material was transplanted from the guayule 
nurseries for field plantings to the experimental area at Salinas, Calif,, in April, 
1943. Thejiarvesting or sampling was performed during February, 1944. 

111 the following discussion the plants in a plot are designated' as the sample. 
Thus the two plants in each plot are the sample while the individual plants are 
the sampling units. 

The separate components of variation present in this experiment are estimated 
by the method set forth by Winsor and Clarke (10). This method and the theory 
involved is an extension of the suggestions of Fisher (2) in the development of. 
the analysis of variance. The theory involved, will be . discussed only as far as 
necessary to clarify the formulae, symbols, and the extension of this procedure. 
Siiedecor (9), King and Jebe (5), King, McCarty, and'McPeek (6), and Jessen (3) 
have used this method in testing the efficiency of the distribution of size and num- 
ber of samples. 

The symbols v, r, and p are explained in Table i. The symbols V, R, E, and S 
represent population variances which are . parameters . or expected values. S is 
the sampling error or the "variance between plants of the same, sample. E is the 
additional component of variance, in experimental error or the failure of the 

^Contribution from the Guayule R.esearch Project, U. S. Dept, of Agriculture 
Salinas, Calif. Received for publication February 14, 1945. ' 

Tomierly Associate Geneticist, ■ U. S. Dept., of Agriculture, . Agricultural Re- 
.^arch Administration, Bureau of Plant Industry, Special Guayule Research 
Project; now Associate Agricultural' Statistician, 'U. S. Dept, of Agriculture 
Bureau of Agricultural Econora,ics., Division of Agricultural Statistics. For their 
helptiil suggestions and criticisms, the writer .extends his thanks to LeRoy Powers 
to the Statistical Laboratory at. Iowa., State. College, and to the others who re- . 
view^ed this paper. . . ■ , ' 

^Figures in riarenthesis refer to “Literature Cited”, p. 478. 
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variety differences to remain the same in the several replicates* V and R are 
components added by varieties and replicates peculiar to this experiment. Thus 
these two components, V and R, are of interest if it is desired to re-estimate 
the varietal and replicate differences with the particular varieties at a particular 
location. In the event that another like sampling was performed on this experi- 
ment, V and R would become of interest to the experimenter in the estinuition 
of V and R from repeated samplings in this population of varieties at this loca- 
tion. Since E and S are estimates of variances which are random components, 
they are of more general interest as they apply to guayiile varieties grown in 
any location. These separate components are estimated from the formulae pre- 
sented in Table i. 


Table t. — Analysis of variance with theoretical mean squares and error variances. 


vSource of 

Number 

Degrees of 

Theoretical 

Error 

variation 

in efich 

freedom 

mean square 

variance 

Varieties 

v= 7 

V“i ™ 6 

S+pE+rpV 

S/rp + E/r-i- V 

Replicates 

r = 27 

r~i = 26 

S 4 -pETvp,R 


Var. Xrep 

'— 

(v-i) (r-l) = l56 

S-fpE 

S 'rp FE, r 

Plants per sample. 
Plants within sam- 

p= 2 

(p-l) = I 

— 


ples 

— 

rv(p-i)= 189 

S 


Total. 

rvp = 378 

rvp-i = 377 

Total variance 



In any experiment the investigator is interested in those mean squares which 
are to be used in tests of significance. In this experiment, the mean square for 
plants within samples or the sampling error, S, with rv (p-l) or 189 degrees of 
freedom provides an estimate of error for testing the mean square for the iiiterac- 

S. + pE. 

tion of varieties and replicates. The ratio F = - — — — furnishes a test of the hypo- 

■ S 

thesis that E = O. In turn the interaction mean, square of varieties and repli- 
cates is the error term used for testing the mean square for varieties and for 
S + pE + rp V 

replicates. The ratio F = — is a test of the hvpothesis that V = 0 . 

S4-'pE 

S Hh pE -f* vp R 

In like manner F = tests the hypothesis that R = 0 . 

.S +pE 

The iotcrai'iion mean, square for varieties and replicates or^ S + pE is the 
experimental error which is used in testing the mean' squares for varieties and 
for replicates. Since there are rp plants of each variety, the variance of variety 
means is S/’rp -f E;'r. The .square root of this term is the standard error of va,riet>' 
means. 

PRESENTATION AND DISCUSSION OF RESULTS 

The analysis of variance .for each of the three plant characters, 
rubber percentage, dry weight' of' shrub, and weight of rubber, on 
seven varieties of guayule 'is presented in Table 2 . For rubber per- 
centage the differences between' variety means and between repli- 
cate means are significant. Thus the hypotheses that V = O and 
R = 0 are rejected as they have a very low probability of being true. 
Therefore the differences" ■■between, variet}^ means and between 
replicate means are considered to, be real rather than chance deviates; 
(See Federer (i) for a comparison -of .these means.) For dry weight 
of shrub the experim.ental error mean square is .significant. In .this 
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case, the hypothesis that E = 0 is rejected. Likewise for weight of 
rubber the hypothesis that V = 0 is rejected. The differences be- 
tween variety means for grams of rubber are considered to be real 
rather than sampling variations. 

From the error mean squares obtained in this experiment, the 
estimated components of variance are given in Table 2 for each of 
the plant characters. The magnitude of these components or the 
variance from the different sources varies considerably. S or the 
variance between plants is quite large when conipared_ to E. This 
would indicate that a considerable reduction in the variance of the 
means could be obtained by increasing the number of plants per 
.‘■■ainpic. The effect of reducing S and E will be illustrated in Table 3. 

The error mean square per replicate is obtained by multiplying 
the error mean square of a variety mean by the number of replicates ; 
thus, r(S/rp + E/r) = S/p -|- E. Using this formula p was varied 
to determine the effect of the different values of p on the error mean 
square per replicate. When r is varied or nine replicates are used 
instead of 27 and when the number of plants sampled per variety 
is kept constant, the E component in the experimental error for 
nine replicates is three times the E component for 27 replicates 

S E ' 

if both are on the same basis. -Thtis 27 , . y-x + — = S/2 + 3E or 

(9) (6) 9 

S/p + 3E for the general case. These error mean squares are now 

directly comparable. 


Table 2. — Analysis of variance on percentage rubber, dry weight of shrub, and weight 
of rubber per plant for one year old guayule. 


Source of 

Degrees 

Mean 

Theoretical 

Estimates 

variation 

of freedom 

i 

square 

mean square 1 

of 



Percentage of Rubber per Plant 


Varieties. . . . . . 

6 

T/j.98oo^'*‘ 



Re|,)lica.tes. .... 

26 

.9812* 



\ ar. Xreps .... 

,156 

•5538 

S-I-2E 

E= .0167 

BctvT'eii plants 

1 89 

.5205 

s 

s= .5205 


Dry Weiglit of Shrub per Plant 


Varieties. ..... 

6 

1239.51 



Replicates. .... 

26 

2055.29 



Var. Xreps.,. . . 

156 

1890.55* 

S+2E 

E = 228.01 

Between plants 

189 

1434-54 

S 

3=1434.54 


Weight of Rubber per Plant 


Varieties. ..... 

,6 

14.8400* 

. 


Replicates. .... 

, 26 

7.2865 



Var. Xreps. . . . 

156 

5.9424 

S+2E 

E “ .5489 

Between plants 

189 „ , 

4.8446 

s 

i S= 4 *^ 44 ^ 

*F >.os level of probability. 




>.oi level of probability. 





The total number of plants sampled per variety is presented in 
Table 3 for each of the three plant characters studied. The number 


Table, 3. — Estimated variance per replicate^ relative efficiency based 07t obtained variance, coefficie?it of variation, and stajidard 
or in percentage of the mean for different sample sizes and number of replicates for one-year-old guayule on three plant characters. 
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of plants per sample, the estimated error mean square per replicate 
(on the same basis as the base, which is 27 replicates with tw^o plants 
jier sample), the percentage efficiency of the error mean square 
relative to the base, the coefficient of variation, and the estimated 
standard error in percent ' of- the mean are presented in Table 3 
opposite the total number of plants- sampled per variety for both 
the nine and 27 replicate giwp. The number of plants per sample 
was viU’ied as shown in Table 3. 

The error mean square per replicate, for percentage rubber for 
the two ])lant sample with 27 replicates is S/2 + E = ,5205/2 + 
.0167 = .2769. The- values of E and S are olDtaiiied from Table 2, 
Doubling p cuts the variance of a single sample mean, S/p, in half. 
When four plants per sample are sampled instead of two plants, 
the variance is S/4 ,+ E = ,5205/4 + ,0167 = ,1468 for percentage 
rubber. Tlie relative efficienc}^ of the four plant sample to the two 


plant sample is 


S/ 2 T E 

'saTe 


X 


100 = 


.2769 

.1468 


X 100= 189%. This is a gain 


in sta.tistical efficiency of 89% over the two plant sample. 

For. nine replicates with two plants per sample for percentage 
mbber, the error mean square per replicate is ecpial to S/2 + 3E == 
.5205/2 + 3 (.oi 67) = .3103. The relative efficiency of this design to 


the base is equal to 


vS/2 + E 
S/2 + 3E 


X 100 — 


.2769 

•3103 


X 100 = 89% or a de- 


crease of 11% in statistical efficiency. The remainder, of the variances 
and efficiencies were computed in like manner. 

For the plant character percentage of rubber, the increase in 
number of plants per sample reduces the mean square considerably. 
A one-plant sample is about half, 52%, as efficient as the two-plant 
sa'm.ple 'a..nd the four-plant- sample . increased the precision over the 
tw^o-plant sample by 89%. This tendency for increase in. precision 
continues at a high rate. The reason for this is the dilTereiice in magni- 
tude between S and E. The latter is very small and the former 
relatively large. Hence, any decrease in vS is a.l-most directly propor- 
tional to the amount of the increase in precision. Further, a decreavSe 
in the niirnber of replicates from 2 7 to 9 with two plant>s per sample 
results in a decrease in precision of only ii%-. This shows that the 
variation between the individual plants within: a sample is large 
when compared to the variation between samples. 

Twentj-seven replicates .with eight plants per sample requires the 
same total number of plants as nine replicates with 24 plants per 
sample, but the relative efficiency of the former is- 339% and^ of the 
latter, 386%. Thus for the same number of plants, 9 replicates with 
24 plants per sample are more precise than 27 replicates with eight 
plants per sample. The relative., efficiency of 27 replicates with 12 
plants per sample is 461% .and of 9 .replicates with 36 plants per 
sample is 429%. Thus for the same number of plants liaiwested the 
former design is more efficient than the latter from the standpoint 
of precision. This is a reversal of the previous case where fewer 
replicates gave more precision. Somewhere between these two exam- 
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pies is the point at which the change should be made from sampling 
more plants per sample to increasing the number of replicates in 
order to obtain the most precision for a given number of plants. 

■ The increase in number of plants sampled does not decrease the 
error mean square per replicate for grams of rubber per plant and 
dty weight of shrub as rapidly as it does for percentage rubber. 
Doubling tlie amount of plants sampled from two plants to four 
plants per sample with 2 7 replicates produces an increase in precision 
oi 61% for dry weight of shrub and 69% for grams of rubber per 
plant. The variance between samples, 2E, is about one-third as 
large as the variation between plants for dry weight of shrub and 
a 1 :>out one-fourth as large for grams of rubber per plant. For dry 
weight of shrub and grams of rubber per plant 27 replicates with two 
plants per sample are nearly equal in precision to 9 replicates with 
SIX plants pel sample. A four plant sample with 27 replicates is more 
precise than 9 replicates with 12 plants per sample. In other words' 
the most gain in precision for a design with g replicates and 8 or 12 
plants per sarnple can best be obtained by increasing the number of 
replicates. Ihis does not mean that the precision of the experiment 
cannot be increased by sampling more plants per sample. It does 
mean that the most gain in information for the same number of 
harvested can be obtained by increasing the number of repli- 

In order to obtain an idea of the effect of these different sizes and 
number of samples m estimating the variety mean the coefficient 

picscnted lo make all sample sizes and numbers comparable the 

standard deviation and the standard error were compSteS o5 the 
basis of the two-plant_ sample. The square root of thfekor kean 
square per replicate is the standard deviation. ThesrstatStfes 
give an idea ot the relative variability in percentage of the mJan fS 

designs presented in Table 3 

1 he standard deviation in percentage of the mean or the coefficient 
of \aiiation is relatively low for percentage of rubber regardless of 
the _size of sample or number of replicates The dkrease the 
effluent of variation is quite large when the number of plants was 

sample the d«Pase in the LffiS SlS S 

required for significance. For percentag^rf’^bW 

?tha"r * ” ' ? tS TOenTScerrf ” 

4„. of the mean are statistically signifieant, the expSliS J 


2 , 

is.. 
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refined enotigli for most- purposes. A comparison of the sample 
sizes yielding the same total number of plants for 9 replicates, and 27 
replicates indicates that the lai’ger number of replicates is effective 
in reducing the difference required for significance. 

The dry weight of shrub per plant is extremely variable in this 
experiment, The coefficients of variation ranged from 17.7% for 
the 48 plant sample with' -27 replicates to 50.6% for the one-plant 
sample with 9 replicates. With nine replicates. there is little that can 
be done toward decreasing the coefficient of variation by harvesting 
more than 1 2 plants per sample. ' The variability of the expeiiment 
for dry weight of shrub is decreased considerably by increasing the 
number of replicates, but even here more than 12 plants per sample 
did not decrease the variability ■ to any great extent. Regardless of 
design it is quite apparent that the guayule plants from this test 
were extremely variable. 

The standard error in percentage of the mean for dry weight of 
shrub varies from 3.40% for the 48-plant sample with 2 7 .replicates 
to 16.87% one-plant sample with 9 replicates. The decrease 

in the standard error in percentage of the mean was rather large' 
when the sample sizes were increased from one to two to four plants. 
After eight plants per sample, doubling the number of plants did 
.not decrease the standard error so rapidly ; instead, this decrease 
begins to level off. Therefore, with 12 or more plants per sample, 
the decrease in the standard error of the mean is not enough to 
warrant harvesting more plants per sample for either 9 or 27 repli- 
cates. The chart prepared by Powers (8) indicates that about 92% 
of the genetic variability within a plot' is accounted for when ■ 1 2 
pl.ants per plot are sampled. A comparison of the s'ample sizes for 
an equal number of plants harvested reveals the effect of the increased 
number of replicates on the standard error of a variety mean. .From 
the 27 replicate group, the 2-, 4-, 8-, 12-, and 24-plant sam.ples give 
the same total number of plants, respectively, as the 6-, 12-, 24-, 36-, 
and 7 2 -plant samples from the 9 replicate group. T,he standard -error 
of any particular member of the 27 replicate group cannot be ob- 
tained by multiplying that of the corresponding 9 replicate group 
by VS’ Foi' those in the 27 replicate group it is the \/3 times the 
effect of reducing the variability between, samples, E/r, minus the 
effect of iiK'rease'd variation between plants within a sample S/rp. 
This brings out the relationship between sample size and number 
of replicates as it aifects the error mean square per replicate. 

The variability of these guayule strains with respect' to dry weight 
of shrub is rejected in grams -of rubber per plant. The variability 
of grams of rubber pet' plant' is almost , as high as dry w’'eight of shrub. 
The same comparisons that are made on dry weight of shrub apply 
for grams of rubber per plant. In light of this, it is evident that 
increased precision for grams of rubber per plant must come from 
more accurate determinations of dry weight. The relative uniformity 
of these strains for percentage rubber had little effect in reducing 
the variability in grams of rubber per plant. 

In order to obtain means of equal accuracy for percentage mbber 
and dry weight of shrub, a larger sample is required for the latter 


FEDERERr OUAYULE INVESTIGATIONS . 477 

character. Of course the. limits of. -accuracy /desired by Jlie sa 
determines the size of the sample. For example, suppose the sampler 
desired to estimate the true' mean within 8.5%. That is,,it would be 
desired to estimate the true mean within 8.5% 19 times out. of 20. 
Twice a standard error of 4.25% equals 8.5%. For percentage rubber 
nine replicates with one plant per sample gave a standard error 
that was about 4.25% of the mean. The comparable standard epor 
for dry weight of shmb was obtained from 27 mplicates with eight 
plants per sample. In this case it requires 24 times as many planp 
to give the same degree of accuracy for dry weight of shrub as it. 
does for pcrcxaitage mbber. 

From these data it is evident that there is a relatively low amount 
of variability for percentage rubber within a variety. Also, there is- 
a large aiii 01111 1 of diversity between individual plants of a variety' 
for dry weight of shmb. The variability of this character is reflected 
in weight of rubber per plant. In studying characters such as dry 
weight of shrub and weight of mbber in guayule as heterogeneous 
as these strains, it is necessary to use a large number or replicates 
to obtain .a reli.able estimate of a variety or treatment mean. Leonard 
and Clark (7) state that as a rule little is to be gained by the use of 
more than 1:0 replicates in field trials. The varieties of guayule used 
in this experiment appear to be an exception to this, general rule 
when dry weight .of shmb , and weight of mbber per plant are bei'iig 
studied. 

This gives the experimenter in guayule an estimate of the varia- 
bility present for these three plant characters. This information can 
be of .material aid in designing an experiment for this or a similar 
cipp. The number of replicates used will be determined by the limits 
" of accuracy desired. 

SUMMARY AND CONCLUSIONS 

Statistical studies on data involving seven guayule strains, 'for 
such plant .characters as percentage of mbber, dry weight of shmb, 
and weight of mbber were conducted. to detemiine the e'ffect of size 
and number of samples on the experimental error, BVoni these studies 
the determinations of the variance from each source are considered 
quite accurate in view of the large nurabcir of replicates employed. 
It is concluded for the i-year guayule grown in this. experiment that : 

1. Significant differences existed between variety means for per- 
centage of mbber and grams of mbber per plant. 

2. The variability withiii, the varieties for dry weight of shrub 
was much higher than for percentage of rubber. " . 

3. The variability in grams of mbber per plant was nearly equal 
to that found in dry,, weight .of' shmb. T,he' relative uniformity of. 
percentage of rubber had little '-effect -on the variability of grams .of 
mbber per plant. . 

4. Little Jiicrease in precision in '.the experiment could be gained 
by haiwesting more than 12. plants per sample. 

5. For percentage rubber, nine replicates with r'2 plants per sample 
gave an estimate of the standard error of the variety mean which was 
1.68% of the mean. . 
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6. For dry weight of shrub, and grams of rubber per plant, a large 
number of replicates, '27, and a 12-plant sample were required to 
give an estimate of the standard error of the variety mean which was 
3.95% of the mean. ■■■■;■ 

7. For these data it required 24' times more plants for dry weight 
of shrub than for percentage of rubber , to obtain a standard, error 
that was about 4% of the mean. 
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IMPROfEMEWT AND DISTRIBUTION OF SPRING-SOWN 

REDOATSi 

F. A. Coffman, E. G. Heyne, C. O. Johnston, 

Harland Stevens, and H. C. Murphy^ 

A NOTABLE change in varieties of oats has taken place during 
the past 2 5 years in the area in which spring-sown red oats 
are now grown (44).'^ This area, the transition zone between tlie fall- 
sown oa,t region in the South and the northern common white 
spring oat region, includes eastern Colorado, northern Texas, Okla- 
liorna’, Kansas, Missouri, parts of Arkansas, Kentucky, Tennessee 
and Virginia, and the southern parts of Nebraska, Hlinois, Indiana, 
and 011 10. Some spring-sown red oats are grown in parts of West 
Virginia, Maryland, and New Jersey. California grows Kanota 
extensively, but largely from fall or winter seeding (24). Except in 
the Appalachian and Rocky Mountains, and the western deserts, 
these oats are now grown in a continuous belt across the central 
United vStates from the East to the West Coast. The culture of spring- 
sown red oats on such an extensive scale is a com,paratively recent 
development in American agriculture. There are reasons for believing 
that the limits to which they may extend have not yet been reached. 
It is the purpose of this paper to present the history of the develop- 
ment of red oats in the area. 

HISTORY 

At the turn of the century, oat production in the above area was 
extremely hazardous as no realty adapted varieties were available. 
Red Rustproof (also known as Red Texas), a midseason variety 
usually fall-sown, and the still less adapted common white oats 
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.Robertson, Agripuitural ExperimenVStation^ Ft. Collins, Colo. Credit is also;due 
l.^R. Stanton, Senior. Agronomist^ in Charge, and. H. ' B. Humphrey, formerly 
Frincipal Pathologist In Oat Investigations, for interest and assistance in certain 
piiases of the breeding project. 

dhgiires in .parenthesis refer to- ‘‘Literature Cited”, p. 496. 
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from the Corn, Belt and northward were about the only varieties 
tO;be had. It was not uncommon for northern-grown oats, shipped 
in for feed, to be used for seed, nor was it unusual for farmers to mow 
their oats for hay because they were worthless as a grain crop, due 
to rust,. Prior to 1900 oats in this region wore among the least satis- 
factor}^ of the crops then generally growm..^ Shortly after 1900, Burt, 
an early variety selected from a commercial field of Red Rustproof 
about '1878 in Tennessee (10) and also known as Early Ripe, Early 
June, etc., became of considerable importance in the area, but was 
not snlTirientl}' satisfactory to become a predoniinaiit variety because 
of its variability. 

Kherson was introduced into' Nebraska in. 1896 by the Nebraska 
Agricultural Experiment Station, and Sixty-Day, considered, identi- 
cal., was introduced from Russia by the U. S. Dept, of Agio culture 
in 1901 (54, 55). These varieties immediately became popular .and 
w^ere widely growm throughout the central portion of -the country 
as far south, as central Kansas and Missouri. Plant breeders, noting 
that these . varieties were not entirety, pure (ii), made numerous 
selections and from their efforts .Richland (2), logold (3), lowar 
and Albion (4), State Pride (21), Nebraska 21 (19), Gopher (i), 
and other varieties resulted. Even,tualty these selections largely 
supplanted the parent vaiieties in most sections. Most notable of 
these selections "was Richland (lowu. 105), a stem-rust resistant yellow 
oat distributed by the Iowa Agricultural Experiment Station in 
1917. Another important selection, Gopher, a white oat, was dis- 
tributed by the Minnesota Agricultural Experiment Station about 
1920, but it was not grown in the spring-sown red oat area as it is 
somewhat later in maturing than Kherson. Even with these improve- 
ments none of the available varieties was well adapted in Kansas 
and Missouri. Red Rustproof and similar varieties were later than 
w^^as desirable, had heavy hulls, numerous awms, were generall}^ 
low^ in test weight per bushel, and, being late in maturit}^ were often 
damaged by rust and hot weather. Burt, although early, was so lack- 
ing in uniformity, it generall}?' sold as mixed oats. Kherson and 
Sixty-Day and their selections, though relatively early-,maturing, 
were not sufficiently so, and since they w^ere lacking in heat and crown 
rust resistanc'e, thc}^ were frequently seriously damaged by hot 
weather aiid mst. Richland lacked resistance to crowm mst and was 
later than is considered desirable for conditions in the area. 

In 1921 tlic Kansas Agricultural . Experinient Station distributed 
al^out 600 bushels of pure seed of a strain of Fulghum named Kanota 
(37). vSoon thereafter the growing of Kanota and other Fulghum 
strains from spring seeding spread rapidly, A survey of oat varieties 
grown in Kansas in 192-5 indicated that ,42% of the acreage was 
])lanted to Kanota. 1930 Kanota had increased to vsome 90%^^ 
of the oat acreage of the- state.- The acreage of Fulgliiim-type oats 
exparidefi in a similar manner in other states and soon they became 
the leading oat varieties in Oklahoma,’ Missouri, and throughout 
the southern part of the Corn Belt. 

^Estimate made by S. C. Salmon, formerly Professor of Farm Crops at Kansas 
State College. 
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Fulglitiiii was selected by J. . A. .Fulghtim,,of Warrenton,: /Ga., 
about '1892 (41, 42), being apparently an exceptionally early plant 
found ill a field of Red Rustproof. The variety became popular for 
•fall seeding in certain areas, in the southeastern -states about 1910 
to 1912 but was not used nor tested extensively for spring seeding 
until after Kansas distributed Kanota. The manner in which Kaiiota 
came to be distributed is worthy of mention. The Kansas Agricul- 
tural Experiment Station® obtained some 20 to 30 lots^ of seed from 
many southern sources for seeding in the spring of 1916 in an attempt: 
to find a more suitable variety than those then available. One of these 
was from the ‘Robert Nicholson Seed Company, Dallas, Tex., desig- 
nate i as Nicholson Extra-Early Red ' Rustproof . This strain was 
outstaiiflingly vigorous throughout the season and at harvest yielded 
at a rate of rnore than 100 bushels an acre, a very high yield for oats 
ill Kansas at that time. It was so early and so outstandingly superior 
to all others in the nursery that it was immediately advanced to 
fieic! plots, purified by roguing, and increased and distributed to 
farmers by the Kansas Experiment Station as noted above. It was 
first distributed a„s Kansas Fulghum but later as Kanota, partly 
because of uncertainty as to its identity with Fulghum but more 
especially to prevent the. introduction of smut, known to be prevalent 
in oats in the South, which at that time was not prevalent in Kansas. , 
Its acceptance b}^ the farmers was immediate and as later results 
have shown, the recognition of its value for spring seeding marked 
the beginning of an epoch in oat production in the United States. 
Today, Fulghum and its selections and hybrid derivatives constitute 
one of the most valuable groups of oats in existence not only in 
America, but in several other parts of the world. 

The gain to Kansas farmers brought about by the introduction and 
distribution of Kanota oats may be seen from Table i , which gives 
the comparative yields, test weights, and dates of heading of Kanota 
as compared with representative varieties of the period. Most of. the: 
oats grown in Kansas at that time were Red Rustproof (Red Texas), 
with, scattered acreages of Burt 'and various strains of Kherson and 
Sixty-Day. These extensive data show that Kanota averaged 9.4 
bushels more than Red Texas, tested 4.2 pounds more per bushel, 
and was $ days earlier in heading. It also exceeded .Nebraska 21 (19) , 
a representative white Kherson type oat, and Burt in yield and test 
weight and was as early in heading. 

In. Table 2 yields in the central United States of Kanota and Fulg- 
hum, together with, certain more recently developed varieties, to 
be mentioned later,' are compared with one or more of the principal 
varieties grown prior to .the distribution of these two. The data in- 
clude only those that have been ^published (6, 13, 14, 19, 20, 32, 33, 
36, 37 » 39 ^ 40, 57 v 58). At most of these ' stations the yields of 
Kanota and Fulghum,: were superior to those of the varieties pre- 
viously grown. 


filnforraation obtained in letters received in- October 1944 from R. P. Bledsoe 
and R. b Quisenberry, formerly assistant 'professor of Farm Crops and formerlv 
nursery foreman, respectively. , , 
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IMPROVEMENT'OP SPRING-SOWN RED OATS BY SELECTION 

Interest in breeding .red oats was greatly stimulated by the intro- 
duction and distribution of Kanota and Fulghum (37, 39, 41). The 
need for early maturing varieties was more clearly recognized and the 
opportunities for improvement realized. It was soon noted that 
Kanota, Fulghum, and Burt were not pure and several stations from 
Ohio to Colorado began selecting from them (10, 12). Thousands 
of selections were made and tested, and several new varieties were 
produced and distributed. Colburt (6), a black-keriieled strain 
selected and distributed from. Akron, Colo., in the early twenties, 
was probably the first pure-breeding Burt selection to be distributed. 
It was grown to some extent in Colorado and Nebraska but never 
became popular because of its black kernels and smut susceptibility. 
Among other Burt selections which are grown more extensively 
are Brunker and Trojan (20, 35, 36) selected at Akron, Colo., in 
1919 and 1922, respectively, and Otoe (20), selected at Lincoln, 
Nebr., in 1920. As shown in Table 2, these Burt selections are more 
productive than Fulglium or Kanota in the drier sections and are 
equal to or superior to them as far east as Lincoln. Brunker, a very 
early-maturing, high-yielding, and smut-resistant oat, has become 
a leading variety on the high dry plains of eastern Colorado and simi- 
lar areas in nearby states, including South Dakota (59). It yields well 
in more humid sections, such as in southern Illinois ; but as it is subject 
to lodging, Brunker never has become an important variet^T- east 
of the Great Plains. Trojan, a slender kerneled very early white 
oat, yields about the same as Brunker in Colorado and western 
Nebraska, but it lacks the quality of Brunker. It is somewhat 
resistant to smut and has exceptionally stiff straw. It is grown to 
a limited extent in eastern Colorado and western Nebraska. Otoe, 


Table i. — Comparisoji of yields, test weights, dates of heading of Kanota with Red 
Texas {Red Rustproof), Nebraska 21, atid Burt in Kansas * 


Variet)' 

Period of 

Number 

Av. of 

Kanota 

Deviation. 

1 .test 

of tests 

variety 

same' tests 

from, Kanota 

! 



Yield per Acre, Bushels 



Red .Texas . . . 

.1916-32 

268 

31.6 

41 .0 

“94 

Burt . . 

1919-32 

220 

35-7 

39.0 

“ 3-3 

Nebraska .21 . 

192.1-32 

182 

33-7 

40.1 

-“6.4 


Test Weight., Pounds per Bushel 


Red Texas . . . ' 

1916-32 

30 

28.3 

32.5. . . 

-4.2. 

Burt , ... . . ... . 

.1919-32.- 

23 

31.2 

32.-0 

.-0,8 

Nebraska 21 . 

1920-32 

22 

29.1 

32.3 ", 

V. . “" 3-2 



Date of Heading 



Red Texas . . . 
Burt........ 

Nebraska 21 . 

1920-32 

1920-32 

1920-32 

20 

21 
: 2 1 

June 4 

May 31 
June 3 

May. 30 

. >'May 31,. . 

. t,.May 31 , 

1 -f 5 days 
: : : rfc:Odays ' 
-.+3-days,' 

*Data secwred from teats at Manhattan- and- Hays and .in cooperative, experiments on Kansas 
farms, Kansas A jn'iciiltural Experiment Station, 
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a lighi-red oat, yields well in Nebraska, matures early, has stiff straw, 
and lias some resistance' to stem rust. ■ ^ 


'Fable 2.— Yields of Fulgkuni and Kanota oats and more recently selected spring’ 
sotvn red oats compared with yields of varieties grown previously. 



Crop 
years in- 
cluded"^ 

Yield per acre, bushels 

Station, and variety 

Variety 

named 

Check 

variety 

Deviation 
from check 


Ohio 


Wooster (Mia mi, che^ck): 

Columbia 

Frankliji 

Fiilghurn. . _ . . 

Columbus (Miami, check): 

Columbia 

Franklin 

Fulgii'iini 


1933-37 

1929-31 

1925-37 

1931-37 

1927-37 

1927-31 


52.0 

59-7 

58.8 

56.8 

51-9 

48.0 


45.6 

53-7 

56.6 

41-3 

44-5 

47.2 


+6.4 

+6.0 

4-2.2 

+ 5-5 

+74 

+0.8 


Illinois 


De'Kalb Field (Sixty- Day, check): 

Briinker. 

Burt (C.I. 293) 

Columbia 

Franklin 

Kanota 

Texas Red 

Urbaha (Sixty- Day, check): 

Briiiiker. 

Burt (C.L 293) 

Gokiiiibia 

Franklin 

Kanota 

Texas Red. , . , . 

Alhambra (Sixty- Day check) : 

Brimker 

Burt (C. L 293) 

Cokiinbia. 

Franklin . 

Ivanota 

Texas Red. 


1939-40 

72.9 

77.8 

" 4-9 

1930-35 

55-1 

56.6 

- 1-5 

1932-41 

594 

59-1 

+0.3 

1932-35 

46.6 

50.8 

“ 4-2 

1924-31 

71.6 

66.9 

+ 4-7 

1917-19 

68.5 

72.1 

-3.6 

1930-39 

60.9 

59-7 

+ 1.2 

1930-37 

62.6 

60.5 

4-2.1 

1931-41 

63.9 

59-9 

, 4 - 4 -o 

1932-36 

55.1 

55.4 

-0,3 

1923-31 

69.7 

65.4 

+ 4-3 

1917-30 

58.6 

59.3 

-0,7 

1931-40 

41. 1 

32.8 

+8.3 

1923-30 

37.0 

34-3 

+2.7 

1931-41 

38.1 

33*3 

+4.8 

1933-37 

14-5 

15.2 

-0.7 

1922-31 

26.8 

31.8 

-5.0 

1919-22 

18.8 

24.5 

- 5-7 


Indiana 


Lafayette (Gopher, check): 

Columbia . 

Franklin. .... . .. .... . . . .■ 

Fulgliiim. . .............. 


Aine&i (Richland, Iowa 105, check) 
Columbia ..................... 

Kanota . 


1932-38 

61.9 

57-2 

- 1932-38 

54-6 

57-2 

. 1926-34 

60.7 

63.6 


lowaf 


Kanawha (Richland, Iowa 105,. check):; 
Columbia ........... 


1937-42 

65.7 

62.6 

1928-39 

60,6 

55-5 

1938-42 

57.3 

46.7 


+4-7 
-2.6 
-2.9 ; 


■ ■ + 3 *i', 
+ 5-1 

4 - 10,6 
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Table 2,— Concluded. 


vStation and variety 


Crop 
years in- 
cluded'’' 


Yield per acre, bushels 



Deviation 
from check 


Missouri 


Burt (Mo. 0E5) 

Columbia 

Fulghiiin (Mo. 0124). • 
Tc.xas Red ( IMo. 0432) . 


Lincoln (Kherson, check): 

Brunker 

Burt (C.L 293) 

Columlria 

Fulton 

Kanota 

Otoe 

Trojan 

Texas Red 


Brunkea* 

Burt (C.L 293) 

Columbia 

Early Red Texas 

Fulton 

Kanota 

Otoe 

Trojan. 

Alliance (Klierson, check): 

Bru,nker'. 

Burt (C.L 293) 

Fulton 

, Kanota 

• Otoe. . 

, Trojan. 


Colorado 







1919-30 

48.3 

46-3 


1924-30 

54-3 

50.0 


1919-30 

49.3 

46-3 


1924-30 

48.5 

50. f 

Nel 

u'aska 




1931-39 

48.7 

40.7 


I 93 I --37 

424 

40.8 


1932-39 

42.6 

38.0 


'938-39 

48.2 

40.4 


[931-39 

43-9 

40.7 


J931-39 

47.8 

40.7 


1931-39 

46.2 

40.7 


1931-37 

40.3 

40.8 

;ck): 





1931-39 

29.1 

24.7 


1931-39 

29.9 

24.7 


1933-39 

24.4 

25.0 


1931-39 

23.4 

24.7 ■ : 


1938-39 ! 

29-5 

. 17 + 


1936-39 

■ 21.8 

15.8 , 


1938-39 

21.9 

17.7 


1931-39 

■ 29.2 

' 24.7 


1932-39 

26.1 

22.7 


1931-37 

18.9 

17.0 


1938-39 

39-6 

32.4 


1931-39 

23.0 

20,8 


1933-39 

22.2 

21.5 


' 1931-39 

25.6 

20.8 


ri"2.o,' 

+4.3 

+ 3-0 

“1.6 


4 - 8.0 

41.6 

44*6 

+7.8 

+ 3-2 

+ 7-1 
+ 5-5 

4-0.5 

+44 
: +5.2 
' - 0.6 

+ 11.8;, 
46,0 
44*2 
+ 4‘5 

+34 
+ 1.9 

+ 7^2 

+2.2 

+0.7 

+4.8 


Akron (Kherson, (heck); 

Brunker.. 

1923-35 

26.0 

20.3 

+ 5-7 

Co.lburt 

1912-30 

28.2 

28.8 

-"0,6 

ColuiTil'iia 

1932-35 

20.9 

17.0 

+ 3-9 

., Kanota. 

1923-35 

24.8 

20.3 

+4.5 

: Trojan 

1929-35 

21.4 .' 

16.3 ^ 

+5.1 


ti.3 various local conditions, yields were not always obtained every year during tlie 
period shown. 

i'Data are from two mimeographed yeports: Burnett, L. G. Small grain information from ex- 
periments in progress. Agronomy Section, Fann Crops Subsection, Iowa Agr, Exp. Sta. Leaflet 
F. C. 10, 1939: Burnett, L. C., and Murphy, H. C. Small grain information for experiments in 
progress. Agronomy Section, Farm Crops Subsection, Iowa Agr. Exp. Sta. Leaflet F. C. 17. 1943 . 

JYield for the period 19x9-23 is for Kherson (Mo. No. 040) and for the period x924-"3o for Kher- 
■■ SOU'. CMo..:No. 0955).' 

Selections from Fulghum include Franklin (43) selected at Colum- 
bus, Ohio, in 1922; Columbia (33, 40, 43) selected at Columbia, Mo,, 
in 1920; and Frazier (47) a variety of the Fulghum type, selected at 
Denton, Tex., in 1918 from a variety known as Frazier Red Rust- 



proof. Franklin, though productive and resistant to lodging, has 
proved to be very susceptible to smut, and as its yield is less than 
that of Columbia (Table 2) it has rapidly lost favor and is not widely 

■ grown. 

Coltimbia originated as an “off-type” plant, in Fulglium and often 
is termed “Btirt-like” in appearance. It is tall, but has stiff straw, 
^ is early maturing, has a high test weight under favorable conditions, 

and has some smut resistance. The kernels are small and gray. Lack- 
ing the cold requirement of Kanota and Fulghum (39, 52), it yields 
bidler than these varieties from late seeding. Because of these 
various desirable qualities, Columbia by 1940 had become not only 
the leadhig spnng-sown red oat in the United States, but also one of 
, the most widely grown of all spring oat varieties in the country. 

: it lia.s proved especially popular 'in Missouri and in the southern 

Corn Beit a.s far west as the Missouri River. 

Frazier, similar to Kanota and Fulghum in most plant and kernel 
characters, is an early, vigorous, awned, plump-kerneled, short- 
strawed I'ed oat which was distributed from Denton, Tex. It is grown 
to a limited extent in northern Texas and in Oklahoma. 

BR.EEDING FOR DISEASE RESISTANCE 
BREEDING FOR RESISTANCE TO SMUT 

One reason the Kanota oat became so popular and spread so 
rapidly was its resistance to the smut then prevailing in Kansas (37) . 
However, in 1925, a collection of smut obtained from southeastern 
Kansas in 1924 infected Kanota up to 14%. In 1925, and again in 
, , 1926, considerable smut’ was observed in Fulghum' throughout the 

, area south and east of Kansas where the variety was being grown 
both from fall and spring seeding. By that time it was clear that' a 
ra.ce of smut to which the Fulghum-type oats were susceptible 
was present in m,aiiy widely scattered areas over the coimtiy '(34). 
Furthermore, it was soon, evident that Fulghum and Kanota were 
extremely susceptible to both crown rust- and stem rust. As a result, 
a hybridization program w^as started in 1926, using as parents Fulg- 
hum or Kanota and such -disease-resistant varieties as w^ere then 
available, including Markton for smut resistance, Richland for stem 
rust resistance .(22, 23), and certain. Green Russian strains (9, .23,. 25) 

,, .for crown rust .resistance. Nothing -of value, for this area' evolved 
from the Green Russian crosses -because of the -late maturity of - the- 
segregates. A few promising ,stra’ins resulted from the , Richland 

■ crosses, but the Fulghum X Markton crosses proved the most 
productive. From, one of these, Fulton was obtained and distributed 
to Kansas farmers in 1939 (15,-43). .Its' desirable characteristics 
include high yield.,: earliness, resistance to most races of. smut, and 
good test weight. 

The superiority of Fulton in these respects when grown in Kansas 
IS shown by the data presented in Table 3 for the period from.. 1,93.1. 
to 1943, inclusive. The data on smut infection are for .plants grown ■ 
from seed artificially ino.cul.ated with smut collected in Kansas, only. ". 
It will be seen that Fulton liad'an average of 0.6%, of .smutted. .pani'-^'^ 


486 " ' JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 

cles as' compared with 36.8% in Kanota. In the uniform smut nurs- 
eries (49) grown for a total of 90 station years 'during the period 
193.7 to 1943, inclusive, only 1.4%. of Fulton plants were smutted 
as compared with 12,9% for Fulghum, In these nurseries the inoculum 
■for each nurserj^ used was collected in the area in which it was grown. 
As shown in Table 3, Fulton outyielded Kanota by an average of 4.8 
bushels, averaged 1.8 pounds higher in test weight, and was 3 days 
earlier. In the coordinated yield-test nurseries grown cooperatively 
by experiment stations in different states and by the U. S. Dept, 
of Agriculture, representing about 50 station years, Fulton outyielded 
Kanota and Fulghum by more than 20%. 

BREEDING FOR RESISTANCE TO CROWN RUST AND SMUT 

Greatly enlarged opportunities in breeding for crown-rust resistance 
were afforded by the observation at Manhattan,' Kans., and Ames, 
Iowa, in 1929 (26, 28) of the resistance of the South American 
variety Victoria, which had been introduced from South America 
by the U. S. Dept, of Agriculture in 1927. It was later found to be 
resistant to smut also (30, 31, 53). It was crossed with Red Rustproof 
the same year its resistance was discovered by taking advantage of 
the later maturity of plantings made at Aberdeen, Idaho. In the 
spring of 1930 Victoria was crossed with Richland, Fulghum, Nortex, 
Kanota, and Trojan, and in later years with many other varieties. 


Table 3. — Comparative yield, test weight, date of first heading, and smut infection of 
Fulton and Kanota in Kansas I Qj I -43 * 


■ ■ ! 

Item . ■ : 

No. of tests 

Fulton 

Kanota' 

Yield per acre, bu 

133 i 

49.0 

44*2 

Test weight, per bti. 

40 1 

29.5 

27.7 

Date first heading . 

23 1 

May ,23 ! 

May 26 

Smut infection, % 

^3 1 

0.6 

36.8 


*Data secured, from Agronomy and Botany Departments, and cooperative experiments on farms 
Kansas Agricultural Experiment Station, Manhattan, Kans. 


Of the early hybrids, the Victoria-Ricliland cross has been by far 
the most important and a number of selections from, it have been 
named and distributed and are widely grown by Corn Belt farmers 
(27, 30, 38, 42, 43, 45, 50, 51).. Among these are Boone, Control, 
and Tama distributed by the Iowa Experiment Station; Vicland 
by the 'Wisconsin Experiment Station ; Vikota by the South Dakota 
Experiment Station; and Cedar by the Nebraska and Iowa Experi- 
ment stations. The production of these varieties constitutes one of 
the most important contributions of plant breeders in " history . 
They are best adapted,; however, to the Corn Belt proper, being 
generally somewhat later in maturity ..than is desirable ^.iii oats, for 
the area, under consideration.here,’.'however,' they are "grown in the 
area to some extent. 

One variety, Fultex (7, 8, 30, 43, 46), was obtained from the 
Fulghum X Victoria cross (8) and distributed by the Texas Experi- 
ment Station in 1940. It is a short, stiff-strawed variety, resistant 
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to siTTUt and crown mst and is adapted to spring sowing primarily 
ill northern Texas where a type suitable for combining is desired. 
It is too late for growing extensively farther north. Fultex is also 
grown to some extent from fall seeding in Texas. Additional promis- 
ing varieties for fall seeding also have been obtained from some of the 
other Victoria crosses (7, 8, 30, 31, 43, 46). 

Another important contribution to oat improvement was made by 
the discovery of the crown rust resistance of Bond at Ames, Iowa, 
in 1931 (25, 27, 29, 30, 48). Numerous crosses were made with Bond 
in 1932 (16, 17, 27, 29, 30, 53), but to date none of the progeny of 
tliescriias proved especially promising for the spring-sown red oat 
area primarily because few segregates have proved sufficiently 
early and because Bond and segregates from its crosses so far have 
lacked resistance to several of the “red-oat races’" of smut. However, 
one selection, Camellia, from a Bond X Alber cross has been dis- 
tribitted for fall vSeeding in Louisiana (46). 

BREEDING FOR RESISTANCE" TO CROWN AND STEM RUSTS AND SMUT 

Recognition of the need for combining in a single variety early 
maturity and resistance to both rusts and to the various races of 
smuts constituted another important step. This need was thoroughly 
demonstrated in 1935 when the most severe crown rust epidemic 
in 3’'ears occurred in Kansas. All strains in the nursery were destroyed 
early in the season except those having resistance to crown rust and 
these were killed later stem rust. Crosses designed to combine 
resistance to all these diseases in early-maturing varieties were made 
that same summer at Aberdeen, Idaho, again making use of the later 
maturity of oats at that station. The Fi generation of these crosses 
was grown in the greenhouse at Arlington, Va., in 1935-36, wdiere 
they were inoculated with smut and the rusts (18). The subsequent 
early generations were grown principally at Aberdeen,' Idaho, and 
Ames, Iowa, with plantings during the winter in the greenhouse at 
Arliiigtoii, Va. In 1938, the breeding work at Manhattan, Kans., 
was considerably expanded and an overhead sprinkler s^^stem was 
installed to aid in creating artificially induced rust epidemics. During 
the period of 1937 to 1939, bulked seed and panicle selections from 
these crosses were distributed to a number of cooperating stations, 
several thousand selections being grown at Manhattan, Kans., 
Ames, Iowa, Aberdeen, Idaho, Lincoln, 'Nebr., Columbia, , Mo. , 
Columbus, Ohio, Akron, Colo., and elsewhere. An important feature 
of this program has been the use of greenhouses in early generations,^ 
together with seedings' at Aberdeen where oats may be sown as late 
as mid-May. This has permitted the growing of two generations each 
year. This procedure,: combined with the use of artificially induced 
epidernics both, in the greenhouse and' field, assisted by overhead 
irrigation as at Manhattan, has greatly speeded up the breeding' 
program and greatly increased its efficiency by eliminating disease- • 
susceptible segregates in early generations. 

, ^.Four of the more promising, strains derived from these crosses are 
ot^special interest. .Two of these, Ventura' and Osage, -originated as 
“sister selections” from the Fg progeny -of a Victoria-Richland X Ful- 
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ton cross* These strains were selected in 1939 on the basis of obser- 
vations made and data obtained in '.1939 and in previous years at 
Manhattan, Ivans., Ames, Iowa, Aberdeen, Idaho, and Arlington, 
Va., and are considered the joint products of these stations. Neosho 
and G. 1. 4140 also resulted from this cooperation, although final 
selections were made at Manhattan in 1939. Each was obtained from 
a ditlerent cross, using different strains from . Markton X’Pulghuni 
hybrids as parents and crossing them on Victoria X Richland segre- 
gates. ' ■ ' ■ 

All four strains have the resistance of their Victoria X Richland 
parents to the ordinary races of crown and stem rust but lack resis- 
tance to races 8 and 10 of stem rust. Neosho and C, I. 4140 are 
resistant to the smut race that attacks Fulton; whereas Osage and 
Ventura are somewhat susceptible, although as shown by Haiising, 
ei al. (15), no more susceptible to that race than Fulton itself. Except 
that these varieties lack resistance to this smut race all four coriibiiie 
rather satisfactorily the disease resistance, yielding ability, quality, 
and earliness of their parents. 

In plant characters, Osage and Ventura both tiller exceptionally 
well, have short straw, and resemble Fulglium slightly in general 
appearances. Their kernels are yellow to verj?’ light reddish 3rellow 
in color and are usually awnless, bearing a resemblance to the 
Victoria-Richland varieties previously mentioned. 

Although as early as Ventura and Osage, C. L 4140 is the tallest 
of the four. It resembles Fulton more closely in general appearance, 
has rather large panicles, and produces light yellowish-red awnless 
kernels. Neosho is characterized in early growth by its exceptionally 
dark green, very erect-growing leaves. It makes a rapid initial growth 
in early spring but does not tiller so profusely as the other three. It 
has exceptionally stiff straw, the panicles are small, resembling 
Boone in appearance, and the kernels, are light red, occasionally 
awncd, and basal hairs usually are present. It more nearly resembles 
the Fulghiini oat in kernel characters than does Osage, or Ventura.' 

These four new varieties, among others, ■ were. included in, the Uni- 
form Spring-sown Red Oat Nurseries' in 1942 and in additional 
nurseries in 1943 and 1944. Yields, test weight, date of first heading, 
height of plant, percentage of lodging and infection by crown mst, 
smut, and leaf-spot diseases are given in Tables 4, $, and 6, together 
with comparable data for Fulton, Kanota, and Columbia. T.he jdeld 
data are averaged for the stations west and south of Iowa (20 station 
years) and for the remaining seven stations to the east and north of 
Columbia, Mo. (14 station years). Averages are given" also for all 
station years. 

All four of the new varieties outyielded the best of the old varieties 
as an average for all station years'' in both the southwestern and 
south-central divisions. At a few- stations this was not the case. At 
Woodward., .Olda., in 1942,- Fulton' outyielded a.ll .others by a wide 
margin, presumably because of its eariiness. At Columbus, Ohio, 
Morgantown, W. Va., New Brunswick, N. J., and Columbia, Mo.; 
Columbia outyielded the new varieties in 1942. Rust was not a 
factor in any of these tests., 





COFFMAN, ET AL, : SPRING-SOWN RED OATS 4^9 

The new varieties, it vhll be noted, are sliglitly later thaii Ftilton 
but are as early as Kanota:.and their.test weights average about 
the same as Columbia, The : straw ' averages shorter than Columbia 
and lodging for all of them is distinctly less than in any of the older 
varieties. . , 

The new varieties are not immune from crowm rust or stem nist, 
as these data show, but they are' highly resistant to the prevailing 
races as compared with Fulton, Kanota, and Columbia. The effect 
of the combined infections of crown and stem rust on these new 
varieties as compared wdth rust on old susceptible varieties is shown 
in Fig. I. All are resistant to the races of smut wbich attack Fulgiium, 


-Field plots of the new rust-resistant oats and old varieties whic'h lack 

Ventura, 58.9 busliels; 

ft Jit, liulon, 2/. T bushels; lower left, Kanota, 32.9 bushels; lower riJii 
susceptible varieties (top right and bottom kit) 
k ; < 3 amaged by rust that they lodged 100% before maturity while 
dstant vax leties stood until harvested. 




T^BLii A. Yield in bushels per acre of four new and three standard oat varieties included in the Uniform Spring-Sown Red Oat 
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Tabu-: ^.-—Tesl iveigU, date of heading, height of plant, and percentage of lodging of 
four 71 ew and three standard varieties grown in the cooperative Uriifonn Spring- 
Sown Red Oat Experiment in 1^42, 1943, and 1.944', 


Yeur and 
number 
of stations 

i Variety and C. I. Nos. 

I ■ 

Ventura 

C.L 

3989 

Osage 

C. I. 
399 i 

Neosho 
e. I. 
4141 

C. I. 
4140 

1 

Fulton 1 
C. I.. 

3327 

Kanota I 
C. 1. ■ 1 

839 

Columbia 

C.L 

2820 


Weight i:>er Bushel, Lbs. 


1942 (6 stations)] 

30.5 

3U7 

32.6 

31-7 

31-5 I 

30*5 i 

:32.I 

1943 (6 stations)! 

1 2.9.0 

29.6 

30-3 

29.7 

28.5 

27.6 I 

29.2 

1944 (9 stations) 

30.4 

29.6 

30.8 


30.1 

28.1 

30.4 

Av., 21 stations 

30.0 

30.2 

3U2 

30-5 * 

30.0 : 

28.6 

30.5 


Date of FiivSt Heading, June 


1942 (ii‘ sta- 
tions) 

1943 (8 stations) 

1944 (8 stations) 

5 

.5 

1,2 

6 

5 

8 

8 

13 

6 

5 

1:2 

2 

2 

9 

7 

L5 

5 

13 

12 

Av., 27 stations 

8 

8 

i 0 

8 

5 

9 

1:0 

1942 (i2 sta- 
tions) 

29-3 

Heigiu 

29.0 

of Plants 

29-3 

, Inche 

30.8 

s 

33-3 

34-3 

33-9 

1943 (8 stations) 27.8 

28.6 

28.9 

29.8 

3N7 

3U4 

33-8 

1944 (9 stations) 

25.2 

25-4 

1 25.9 

27-3 1 

28.4 

„ '28.4 

30.0 

Av., 29 stations 

27.6 

1 27.8 

1 28.1 

29.4 

314 ^ 

3N7 

^ 32.7' 

1942 (5 stations) 

16.8 

Lodg 

134 

ing of Sir 
14.0 

aw, .%■ 
19.4 

29.4 

39-0 

■31.0 

1943 (6 stations) 

12.7 

8.7 

«.5 

9.6 

32.3 

25.2 

36.0 

1944 (3 stations) 

20.3 

20.0 

6,7 

23-3 

42.7 

29.0 

46.3 

Av., 14 stations 

15.8 

12.8 

lO.I 

l6.o 

33.5 

30.9 

' 36.4 


but none equals Kaiiota in freedom from injury from leaf spot 
diseases, including halo blight. 

\"entura andi (')sage were produ(‘ed for 'the spring-sown red oat area 
as dcs<'ribed above. Preliminary tests-, liowever, indicate they com- 
pare very fm'orably in yield with Tama,, Vicland, Boone, Marion, 
etc., i<j the north of this area. Further tests seem desirable. 

Small increase seedings of Osage and Ventura were made at 
Aberdeen in 1942 and again in 1943. The- exceptional promise of 
Ventura, one of these four varieties, was ’ first recognized by the 
California Experiment Station in 1942. It was increased there in 
1943 and was distributed in a limited way by the' California Experi- 
ment Station that fall and made a favorable showing in 1944. All 
four varieties were increased in Kansas in 1943 and 1944, and Osage 
and Neosho will be distributed in Kansas; in 1945. Osage was 
increased in Florida in 1943-44. Considerable seed of several of these 
varieties will be available for distribution in the spring of 1946. 
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Tablk e.-Reaction oj four new and three standatd varieties to rust and smut in the 

rmpemiim Uniform Spring-Sown Red Oat Experiment m 1Q42, jg4j, 

and X044- 


Station 

Year 

Variety and C. L Nos. 

ON 

cd 

S ON 
jd fo 

flH-i 
tp . 

>0 

ON 

On 

0) to 

w • 

00 

M 

OS- 
'S t 

Oi-i 

a> . 

0 

3- 

f-H 

d 

w 

r.. fO 

s ^ 

. 

0"® 

St 

wo 

cd 0 

IS ^ 

cri 00 - 

1-4 

00 

.Itifccti 
Km ns. ,. . 

(‘oinruhia, IVIo 

Columbia., Mo. ..... 

Ames. Iowa .......... 

Ames, lov^’M ......... 

Ames, Iowa ..... 

on by C 
1944 

1942 

1943 
1,942 

1943 

1944 

h'own r 
15.0 

1.5 

1.5 

4.0 

5.0 

1.0 

lust (Cc 
12.0 
1.5 
1.5 

4.0 

2.0 
I.O 

)efficien 

20.0 

1.5 

1.5 

5.0 

10.0 

4.0 

t of Inf 

20.0 
3*0 

1.5 

10.0 

27.0 
4.0 

ectioii) 

53*0 

56.0 

64.0 
39*0 
43-0 

46.0 

55*0 

80.0 

80.0 
57*0 

55.0 

49.0 

55-0 

56.0 

64.0 

48.0 

51.0 

50.0 

Average . 

Infection by S 
Manhattan, Kans. . . 

Arnes, Iowa. 

i\nncs, Iowa 

Ames, Iowa* 

item Rt 
1944 

1942 

1943 

1944 

4-7 

ist (Coc 

2.0 

0.0 

1.0 

20.0 

3*7 

jfficient 

6.0 
0.0 

1.0 

20.0 

7.0 

of Infe< 

9.0 
0.0 

I I.O 

20.0 

9.2 

3tion — ' 

6.0 
0.0 

2.0 : 
25.0 

50.2 

Races 2 

39*0 

35-0 

37*^ 

32.0 

62.7 

and 5) 

30.0 

37.0 

35*0 

35*0 

54.0 

35*0 

42.0 
44-0 
55*0 

.Average. 

Infect: 

Manhattan, Kans. . . 
Manhattan, Kans . . . 
Manhattan, Kans . . . 

bn by i 

1942 

1943 

1944 

5-8 

jmtit (fi 
0 

0 

0 

6.8 

:om Ful 

0 

0 

° ! 

lO.O 

ghum-t 

0 

0 

0 

8.3 

ype Oai 
0 

0 

0 

35-8 
ts, %)t 
T 1 

T 

0 

34*3 

93.0 

68.0 

19.0 

44.0 

I.O 

0.0 

T 

Average 


0 

0 

0 

0 

T 

60.0 

T 


Infection by Leaf Spot Diseases, Incltiding Halo Blight, % 


Ames, Iowa. ......... 

1942 

4.0 

9.0 

2.0 

2.0 

2.0 ' 

T 

7.0 

Airies, Iowa, 

1943 

4.0 1 

5*0 

lO.O 

5*0 

6.0, 

3*0 

6.0 

Arnes, Iowa 

1944 

8.0 

'8.0 

lO.O 

I I.O 

lO.O 

,3*0 

9.0 

Average. ........... 


5*3 

7.3 

7.3 

6.0 

6.0 

2.0 .1 

7*3 


*Sonie st€?.m rust races 8 and lo present. 
tS^nut data supplied, by Hansing (15)* 
IT == Trace. 


There obviously is still an opportunity and need for further: im- 
provement of spring-sown red, oats. Golumbia, which is the most 
widely grown red oat between , the Appalachians and the, Missouri 
River, although often injured by rust, undoubtedly has valuable 
characteristics that should- be used. -In 1937 Columbia was crossed 
with disease-resistant segregates -from the Victoria X Richland cross 
ill an attempt to remedy, the disease susceptibility, of ..an otherwise- 
good type of oat. Progeny of ' .these crosses have been grown, and, 
selected largely at, Ames, Iowa, .Manhattan, Kans., and Aberdeen, 
Idaho, making use'' of .the breeding methods, previously discussed. 
Sorne of them have been grown '.in..- field plots and in the Uniform 
Regional. Nurseries. Most of ; them . are. somewhat later maturing 
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than Columbia and certainly later than is desirable for the area west 
of the' Missouri River. East of the Missouri River several, notably 
C. I. 4152 and 4153, which have been grown in more than to com- 
parable tests have exceeded Columbia in yield by as much as 10% 
or more. Also, they have equalled or exceeded Columbia' in weight 
per bushel, have lodged far less than Columbia in the same tests, 
and have been very much less infected by crown rust, stem rust, and 
by smut. Some of the selections from these crosses may eventually 
prove valuable for the Corn Belt. 

BREEDING FOR RESISTANCE TO NEWLY THREATENING RACES OF RUST' 

Recent observations indicate that some rust races previously 
thought to be of rather infrequent occurrence are increasing in the 
area where spring-sown red oats are adapted. Probably the more 
important of these races are stem rust races 8 and 10 (22, 23, 56) 
and crown rust race 45. These observations have prompted the mak- 
ing of additional crosses in an attempt to incorporate resistance to 
all races into oats adapted in the area insofar as possible. 

Two unnamed oat varieties, C. L 3644 and 3842, derived from 
crosses between Bond and Anthony (16, 17) and Iowa D69 (Rich- 
land X Green Russian) and Bond (29), respectively, were found 
to have resistance to stem rust races 8 and 10 (30, 56). At Aberdeen, 
Idaho, in 1939 the writers crossed the above varieties with one of the 
more promising selections from the Fulghum-Markton X Victoria- 
Richland crosses previously discussed. Later, in 1939-40, an Anthony 
X Bond selection was crossed with a Richland X Fulghum selection 
at Manhattan, Kans. (5). Progeny from these crosses have been 
secured which are resistant to stem, rust races 8 and 10 as well as to 
the ordinary races of stem rust and of crown rust. Some of these 
progenies appear to be promising in other respects. Certain of these 
have the ‘'Bond type” of crown-rust resistance which is superior 
to the Victoria type (27). Further, additional resistance to smut, 
to crown rust, and to the stem rust races 8 and 10, as well as the 
common races of crown rust and stem rust, has now been combined 
in crosses involving the new oat Ventura. There are reasons for be- 
lieving- that some of the segregates of these latest crosses will prove 
valuable. 

SUMMARY AND CONCLUSIONS 

- The spring-sown red oat region extends from coast to coast across 
the central portion of the United States, exclusive of the Rocky 
and Appalachian Mountains and western desert areas. It includes 
the southern Com Belt and southward to the Cotton Belt, over- 
laping the fall-sown oat area on the south and the spring-sown 
white oat area on the north. Within this belt other types' of oats 
are largely grown only in the Appalachian and in the Rocky Mountain 
.areas,; The.,spri.ng-so,wn, red oat area produces; 20 to :2.5% of the oats 
grown in the United States. Fifty years ago Red Rustproof, Burt, 
and wdiite oats from the north were the principal varieties. They 
were very poorly adapted and failures were frequent. 

Interest in red oats for spring seeding was greatly stimulated by 
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the distribution of Kaiiota oats by the Kansas Experiment Station 
ill 1921. Previous to this Fulghum and its derivatives had been 
grovvii exclusively from fall seeding. Following the distribution cn 
kaiiota, the acreage of spring-sown red oats greatly expanded and 
Fulghum and Kanota eventually were grown extensively through 
out the area. Selection of improved strains of Fulghum, Burt, and 
^ Red Rustproof resulted in the distribution of Frazier selected' at, 

Denton, fex., in 1918, Bmnker and Trojan, at Akron, Colo., m 
1.919 and 1922, respectively; Otoe at Lincoln, Nebr., in 1920; Coluin- 
i bia'at Columbia, Mo.; and Franklin at Columbus,, Ohio, in 192a. 

By 1940 Coiiimbia had become one of the leading oat varieties in 
llieu,.,.xm,trar[Inited States. 

II1C need for rust- and smut-resistant oats in the area had long 
been recognized and a cooperative hybridization program was 
started in ’’1926 to breed oats of the Fulghum type that would be 
resistant to 'smuts, crown rust, and stem rust. From crosses made 
at that time the smut-resistant variety, Fulton, was developed 
,and. distributed to farmers of Kansas in 1939, 

In 1:929, the exceptional crown rust resistance of the South Ameri- 
can variety ■Victoria was first observed in the United States at Man- 
hattan, Kails., and later confirmed at Ames, Iowa. It was crossed 
with. Red Rustproof that year by taking advantage of the later 
maturity of oats at Aberdeen, Idaho, and later, with many other 
va:rietie.i From a Victoria X Richland cross have come the disease- 
resistant, early-maturing varieties Boone, Cedar, Control, Tama, 
Viclaiid, and Vikota which are being extensively grown in the Corn 
Beit proper and somewhat in the spring-sown red oat area. Fultex, 
a short, stiff-strawed, combine type derived from a Victoria X Fulg- 
lium cross, is grown to a limited extent in northern Texas but is too 
late for seeding farther north. 

In 1931, the unusual crown rust resistance of the Bond variety 
was discovered at Ames, Iowa, and numerous crosses with it were 
made in 1.93 2 and later, but so far no selections have proved especially 
promising for ■ the red-oat area. 

In 1,935 the more promising selections then available in Kansas 
were crossed -with crown and stem rust resistant segregates from the 
Victoria X Richland cross. The . selected progeny of these crosses 
include a number of very promising, early maturing, crown rust, 
stem rust, and smut-resistant varieties, which have yielded well 
not only in, the area here described but also in the area farther north. 
One of these, Ventura, has been distributed in California. Osage and 
Neosho have been increased ■ and will be distributed in Kansas in 
. ,','I; 945 ‘" ■ 

. Crosses have been made to add crown and stem rust resistance 
to the otiieiwise ' very desirable variety Columbia and to combine 
in desirable varieties the resistance to crown rust, race 45 and, stem, 
mst races 8 and 10., Promising selections from these crosses have been 

. ■ made: 

. .As a result of this oat breeding program, started .some 25:.. .years 
■ago, varieties now, are available for the spring-sown red. oat. area 
which are highly productive, early maturing, reasonably satisfactory 
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than Columbia and certainly later than is desirable for the area' west 
of the Missouri River. East of the Missouri River several, notably 
C. 1 . 4152 and 4153, which have been grown in more than 10 com- 
parable tests have exceeded Columbia in yield by as much as 10% 
or more. Also, they have equalled or exceeded Columbia in weight 
per bushel, have lodged far less than Columbia in the same tests, 
and have been very much less infected by crown rust, stem rust, and 
by smut. Some of the selections from these crosses may eventually 
prove valuable for the Corn Belt. 

BREEDING FOR RESISTANCE TO- NEWLY THREATENING RAGES OF RUST 

Recent observations indicate that some rust races previously 
thought to be of rather infrequent occurrence are increasing in the 
area where spring-sown red oats are adapted. Probably the more 
important of these races are stem rust, races 8 and 10 (22, 23, 56) 
and crown rust race 45. These observations have prompted the mak- 
ing of additional crosses in an attempt to incorporate resistance to 
all races into oats adapted in the area insofar as possible. 

Two unnamed oat va-rieties, C. I. 3644 and 3842, derived from 
crosses between Bond and Anthoii}^ (16, 17) and Iowa D69 (Rich- 
land X Green Russian) and Bond (29), respectively, were found 
to have resistance to stem rust races 8 and 10 (30, 56), At Aberdeen, 
Idaho, in 1939 the writers crossed the above varieties with one of the 
more promising selections from the Fulghum-Markton X Victoria- 
Richland crosses previously discussed. Later, in 1939-40, an Anthony 
X Bond selection was crossed with a Richland X Fulghum selection 
at Manhattan, Kans. (5). Progeny from these crosses have been 
secured which are resistant to stem rust races 8 and 10 as well as to 
the. ordinary races of stem rust and of crown rust. Some of tliesse 
progenies appear to be promising in other respects. Certain of these 
have the “Bond type” of crown-rust resistance which is superior 
to the Victoria type (27). Further, additional resistance to smut, 
to crown rust, and to the stem rust races 8 and 10, as well as the 
comm.on races of crown rust and stem rust, has now been combined 
in crosses involving the new oat Ventura. There are reasons for be- 
lieving that some of the segregates of these latest crosses will prove 
valuable. 

SUMMARY AND CONCLUSIONS . 

The spring-sown red oat region extends from coast to coast across 
the central portion -of the United ' States, exclusive of the Rocky 
■ and Appalachian Mountains and western desert areas. It includes 
the southern Corn Belt and- southward to the Cotton Belt, over- 
laping ^ , the" fall-sown oat area on the south and the . spring-sown 
white oat area on the north. Within this belt other types of oats 
are largely grown only in the Appalachian and in the Rocky Mountain 
areas. The spring-sown red oat -area produces 20 to 25% of the. oats 
grown in the United States. Fifty years ago Red Rustproof, Burt, 
and white oats from the north were the principal varieties. They 
were very poorly adapted and failures were frequent. 

Interest in red oats for spring seeding was greatly stimulated by. 
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the distribiitioii of Kaii.ota.oats by- the Kansas Experiment, Station 
ill T921:. Previous to this Fulghum and its derivatives ^ had been 
grown exclusively from fall seeding. Following the distribution of 
Kaiiota, the acreage of spring-sown red oats greatly expanded and 
Fulghiiiii and Kaiiota eventually were grown extensively through- 
out the area. Selection of improved strains of Fulghum, Burt, and 
Red Rustproof resulted in the distribution of Frazier selected at 
Denton, Tex., in 1918, Bmnker and Trojan at Akron, Colo., in 
iqiQ and 1.922, respectively; Otoe at Lincoln, Nebr., in 1920; Colum- 
bia "at Columbia, Mo.: and Franklin at Columbus, Ohio, in 1922. 
By 1940 Colmiibia had become one of the leading oat varieties in' 
ilie central ITiiited States. 

T1i( 3 need for rust- and smut-resistant oats in the area had long 
i'}eeii recognized and a cooperative hybridization program was 
starteid in 1926 to breed oats of the Fulghum type that would be 
resistant to smuts, crown rust, and stem nist. From crosses made 
at tliat time the smut-resistant variety, Fulton, was developed 
and. distri,buted' to farmers of Kansas in 1939. 

'In 1929, the exceptional crown rust resistance of the South Ameri- 
can variety Victoria was first observed in the United States at Man- 
hattan, Katis., and later confirmed at Ames, Iowa. It was crossed 
with Red Rustproof that year by taking advantage of the later 
niaturity of oats at Aberdeen, Idaho, and later, with many other 
varieties. From a Victoria X Richland cross have come the disease- 
resistant, early-maturing varieties Boone, Cedar, Control, Tama, 
Vidaiid, and Vikota which are being extensively grown in the Corn 
Belt proper and somewhat in the spring-sown red oat area. Fultex, 
a short, stiff-strawed, combine type derived from a Victoria X Fulg- 
.liiim cross, is grown to a limited extent in northern Texas but is too 
late for seeding farther north. 

Ill 1931, the unusual crown rust resistance of the Bond variety 
was discovered at Ames, Iowa, and numerous crosses with it were 
riiadcri.ii 1932 and later, but so far no selections have proved especially- 
promising for the red-oat area. 

In 1935 tlie^more promising selections then available in Kansas 
were crossed with crown and stem rust resistant segregates from the 
Victoria X Richland cross. The selected progeny of these crosses 
include a number of very promising, early maturing, crown lust, 
stem rust, and smut-resistant varieties, which have yielded well 
not only in the area here described but also in the area farther north. 
One of these, Ventura, has been distributed in California. Osage and 
K^-eosiio have been increased and will be distributed in Kansas in 

Crosses have been made to add crown' and stem rust resistance 
to the oth.en¥ise v-ery,desirabie variety Columbia and to combine 
ill desirable varieties the resistanee to crown rust I'ace 45 and stem 
rast races 8 and 10. Promising selections .from these crosses have been 

made. 

.As a result of, this, oat breeding program, started some ,■ 2^5 .years' 
ago, varieties now are available for the spring-sown red oat area 
which are highly .productive, early maturing, reasonably satisfactory ■ 
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as to plant and grain characters, and which have resistance to all 
the more common races of -crown rust, stem rust, and the smuts. 
These varieties do not, however, have as tall nor as stiff straw as 
is desired, their bushel weight could be increased, and they are known 
to lack resistance' to some of the new and threatening races of crown 
rust, stem rust, and smut. Present efforts of the breeding program 
are being -focused on correcting each of these deficiencies and indica- 
tions are that a reasonable degree of success may be expected. ' ■ 
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STUDIES ON SMIJT-RESISTAHT M , 

E. D. Hansing, E. 'G HeyneT and L. E. Melchers*^ 

L ( )OSl^ siiiut, Ustiiago avenue (Pers.) Rostr., 'and covered smtitj 
IJ. kdleri Wille (U. levis (Kell, and Swing.) Magn.), are major 
disea, ses of oats in Kansas. The average annual loss' due to these 
(iisea.ses dtiriiig the last lo years in Kansas has been estimated at 
I, |oo',ooo bushels of grain. Although oat smut may be controlled 
by ir(}atiiig t, 1 ie seed with New Improved Ceresan or foiinaldehyde, 
be controlled more economically and satisfactorily by growing 

rcsisL'int vaTicties. r 

The development of smut-resistant varieties of oats for Kansas 
has bcA'n a coopera the project between the departments of Botany 
anil Agronomy, Kansas Agricultural Experiment Station, Manhat- 
tan, Kails., and the Bureau of Plant Industry, Soils, and Agricultural 
.Engineering, U. S. Dept, of Agriculture. A brief record of the experi- 
ments is presented. 

EXPERIMENTS ON KANOTA OATS (C.L 839)'' 

In T916, the Kansas Agricultural . Experiment Station obtained 
seed stock of a Fulghuiii type oat from the Robert Nicholson Seed' 
Conipan^r, Dallas, Tex. Preliminary tests on disease resistance 
were 'made by L. E. Melchers and S. C. Salmon. In 1919, seed of 
this Fulg'hum t3Te oat was distributed to farmers in Kansas under 
the name of Kansas Fulghum but later was named Kaiiota (6, 7, 9).^ 
Superior characteristics claimed for Kanota w’-ere high yield, high 
test weight, earliiiess, and smut resistance. Kanota was susceptible 
to crown rust and stem rust. 

In 1919, most of the acreage of oats in Kansas was planted to Red, 
Rustproof, Kherson, and Burt type oats. (i). Only a very small 
percentage of the acreage was planted to the Fulghum type oats. 
By 1939, however, 75% of the oat acreage in Kansas was planted 

to Kanota. ■ 

Kanota was resistant to “Richland”^ loose smut inoculum, the 
srrmt used when the reaction to disease of Kanota was studied prior 

tloint contribution from the Departments of Botany and Agronomy, Kansas 
Agricultural Experiment Station, Manhattan, ,Kans., and the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineer- ’ 
ing, Agricultural Research Administration, Uv S. -Dept, of Agriculture. Contribu- 
tion Ntu 462, .Department of Botany and No. 365, Department of Agronomy. 
Received for publication February 28, 1945. 

V\ssistant Plant Pathologist, Kansas Agricultural Experiment Station; 
Associate Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant 
industry, Soils, and Agricultural Engineering; and Plant Pathologist, Kansas 
Agricultural Experiment Station, respectively. Credit is due to. C. 0 . Johnston, . 
Dreision of Cereal Crops and Diseases,' Manhattan, Kans.;,..C. H. Ficke, formerly 
with the Division of Cereal Crops and Diseases, 'Manhattan, Kans.; C. L. Lefebvre 
and D, B. Creager, formerly with the 'Department of Botany; and J. H. Parker, 
iormyrh^ with the Department of Agronomy, - Kansas Agricultural Experiment 
Station, Manhattan, Kans., for aid in phases of., this investigation. 

®C.L refers to accession nu'mber of the Division of Cereal Crops and. Diseases. ■ 
I^Reference^jy number in parenthesis is to “Literature Cited’', p. 508. 
•^P.hysiologic races of smut to which Richland oats are susceptible. 
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to its distribution. Furthermore, for several years after this variety 
was distributed- in Kansas it: 'continued to be resistant to smut. 

However, there existed physiologic races of loose smut in the southern 

oat-growing area , of the United States to which most Fulghuni type 

oats were susceptible (3, 4, 5). As Kanota increased in acreage in 

Kansas “Fulghuni’’^ loose smut gradually increased on this variety 

until it was fairly common. It is believed that this smut spread into . ^ 

Kansas primarily from the southern oat-growing area of the United ■ 

States since observations indicated that at first smut was more preva- 
lent in fields of this variety in the southeastern part of the vState. 

By 1928 Kanota no longer could be classified as a resistant variety 
in Kansas. In fact, it was so susceptible to the Fulghum smut that 
it was used later as a susceptible check variety in the oat smut breed- 
ing investigations. 

. , In 1927, five collections of loose, smut were made in -fields of Elanota 
in Kansas, Oklahoma, and Texas and in 1928 were used to test the 
reaction of seven varieties of oats. Additional varieties were included 
in 1 92 9, and 1930.- The smut from the nursery at Manhattan was , 
also used as inoculum. The data indicated that there were two 
definite groups of loose smut (Table i). Markton 'was highly resistant, 
while Red Texas, Red Rustproof, and Burt were moderately resistant 
to both groups of smut. Fulghum and Kanota w^ere resistant to the 
Richland smut but susceptible to the Fulghum smut. Fowld’s Hulless 
was susceptible to both groups of smut. 

In another experiment in 1928, Fulghum, Kanota, and 34 selections 
of Fulghum were inoculated with the Fulghum smut and planted 
in the field. In this experiment Fulghum and Kanota had 45 and 59% 

-smut, resepctively. The:34 Fulghum selections were all susceptible 
with from 27 to 76% infection. 

In 1929 and 1930, four collections of Richland smut and three 
collections of Fulghum smut were used to test the reaction of some 
of the same and additional varieties to the groups of smut. Navarro 
and Nortex were highly resistant, not showing any infection for 
either group of smut (Table i). Richland was susceptible to the 
Richland smut but resistant to the Fulghum smut. Frazier, a Fulg- 
hum tj'pe selection from Red Rustproof, was resistant to the Rich- 
land vsmut but susceptible to the Fulghum smut. None of these 
varieties was w^ell adapted to Kansas conditions. 

Since the isolation of this loose smut to which Fulghum is sus- 
ceptible, Reed (4) has reported six races of loose smut and three 
races of covered smut to which Fulghum. is susceptible. Several 
races of Fulghum loose and covered smut have been collected in 
Kansas. ■ ■ 



EXPERIMENTS ON PULTON OATS (C.I. 3327) 

Fulton originated from the cross Fulghum X Markton oats made 
in 1926 by G. A. Wiebe at the Aberdeen Substation, Aberdeen, 
Idaho. The purpose of the cross was to introduce the smut resistance 
of Markton into the Fulghum type oats (8), Prom 1928 to 1930 the 

^Physiologic races of smut to which Fulghum oats are susceptible. 
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F3 to P5, generations of these crosses were inoculated with a composite 
of chlamydospores made up of - 1-5 , collections of loose and covered 
smuts from Kansas. Fulton was selected as a promising smut- 
resistant selection in 1930. From 1931 to 1938, an average of 0.5 
and 25% of the panicles in Fulton and Kanota, respectively, were 
infected when the seed was dusted with a composite of the Kansas 
collections of loose and covered smuts. Fulton was distributed to 
Kansas farmers in 1939 because of its smut resistance and desirable 
agronomic qualities. 

In 1934, several of the Fulghum X Markton selections in the oat 
smut breeding nursery had a few smutted panicles. These panicles 
were collected, and the smut was purified and increased and is here- 
after designated the “Fulton” race of loose smut.^ In 1935, the Fiiltor; 
smut collected in 1934 was used to inoculate seed' with hulls on and 
hulls off of Fulton and five other selections from the Fi-lgiitini X 
Markton crosses. Fulton, C. I. 3220, and Kaiis. Sel 303633 were 
found to be susceptible, while Kans. 6137, C. I. 3332, and C. 1. 3333 
appeared resistant (Table 2). The susceptible selections averaged 
16% infected panicles, as compared with only 2% in the resistant 
selections. Approximately three times as much smut was obtained 
when the seed was inoculated with hulls off as compared with hulls 
on. This marked difference in reaction to smut when seed is inoculated 
with hulls off as compared with hulls on was first demonstrated by 
Johnston (2). 

In 1936, Fulghum, Markton, and the Fulghum X Markton 
selections used in the 1935 -experiment were inoculated with the 
Fulton smut and with the composite of 40 collections of smut from 
Kansas (Table 3). In one set the hulls were left on, while in the 
other set . the hulls -were removed before the seed was inoculated. 


Table 2. — Reaction of Fulghum X Markton selections to Fulton smut, Manhattan, 

Kans,, igss* 


1 

Variety or selection 

‘ 

Accession No. 

Perce.iitage siniitf 

Hulls on ! 

1 

! 

Hulls off 

Fulton ; 

C.I. 3327 

6 

28 

Fulghum X Markton . 1 

G.L 3220 

7 

8 

Fulghum X Markton 

Ks. Sei. 303633 

10 

. 32 

Mean of susceptible selections 


.8 

23 

Fulghum X Markton . ■ . . . 

Ks. 6137 

Tf 1 

5 

Fulghum X Markton - 

C.I. 3332 

0 ! 

2 

Fulghum X Mark ton 

C.I. 3333 

0 

I 

Mean of .resistant selections . . . . . . . .i 


T .- 

3 


^Sniut collected in 1034 from resistant Fulghum X Markton selections in the oat smut breeding 


"nursery.- . ■ 

, - tBased on.single S~foot rows. 
.IT =: o.i to 0.5% infection.. 


^Physiologic race of smut to which Fulton oats are intermediate in siisceptil)!!- 
ity. 
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Ftiigbtiffl was susceptible to the Fulton, smut and to the composite 
smut, while Marktoii , was highly resistant to both smuts. ^When 
seed with hulls on as compared with , hulls off was inoculated wffn 
the Fulton smut, the vsusceptible selections averaged 13 and 72 /oj 
respectively, wdiile the i*esist ant selections averaged 2 and 10^, 
rcaSpectively. Similarly, when the seed was inoculated with me 
composite smut, the susceptible selections averaged 2 and^ 
respect ivt^ly, while the resistant selections averaged a trace and 1%, 
respectively. 


I’abli-. :^--Reaci 4 (.fn of FulghimiXMarklon selections mid parents to smut, at 
Manhattan Kans., 


Va.ri,ety oi* selection 

Accession No. 

Pei'centa 

Fulton smut 

ge smut^ 

Composite 

sniiitf 

Hulls 

on 

Hulls 

off 

Hulls 

on 

Hulls 

off 



C.I. 708 

56 

76 

45 

86 

Mdrktoii 

C.L 2053 

0 

0 

0 

0 

Fulton 

C.I. 3327 

17 

85 

2 

6 

Fiil.s’binn X Markton 

C.L 3220 

10 

66 

2 

6 

Fiilghuni X Ma,rkton 

Ks. Sel. 303633 

12 

64 

2 ! 

6 

Mean of siisce|3tible selections. . 


13 

72 

2 

6 

Fill c^buni X Markton. 

Ks. 6137 

4 

17 1 

I 

2 

Fulghum X Markton. 

C.I. 3332 

I 

5 

Tt 

I 

Fill gill! ill X Markton 

C.I. 3333 

I 

7 ! 

T 

I 

Mean of resistant selections. . 


2 

10 

T 

I 


’*Averase of five re,plicatioiis. ' „ 

fCt-nnfjosite of 40 Kansas collections of loose and cov'ei'ed smut. A few of the collections included 

a sinnll percenta^’e of the Fxilton smut. 

JT '= o.i to 0 . 5 % infection. . ' _ 

The experimental results of 1935 and 1936 indicated that Fulton 
was susceptible to a new race of loose smut; however, when the hulls 
were left 011 when inoculating the seed, Fulton exhibited only an 
intermediate type of susceptibility as compared wdth Fulghum, 

Althoiigii Fulton was intermediate in susceptibility to the Fulton 
smut while several closely related lines were resistant, it w^as approved 
for distribution' by the Kansas - Agricultural Experiment Station 
partly because of its superior agronomic characteristics. Further- 
more, the available^ data indicated' a "rather limited distribution of^ 
this physiologic race of Fulton smut in Kansas. In 1939, this hypo- 
thesis wais verified by inoculating Fulton seed by the partial evacua- 
tion method with all of the, Ka.nsas collections. Fulton gave onlyta. 
zero or trace infection for most of the races of smut with a m&imum. 
of 5% infection for. a few of the collections.- Whentinoculated, with, 
Fulton smut, it had 43% infection. Since, Fulton was distributed 
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ill 1939, most of the fields of this vpnVf-.r 1 

..as S L" 

Since some of the closely related linpQ nf TTsiif^ ^ • 

the Fulton smut, an attempt wfs mlrto reS^^^^^^^ 
resistant strain of this variety In lo J cf T?f,iL ^ 1 ^ 

inoculated with equal portions'of thp^F«lf!f selections were 

of all Kansas smut cXtionT ^ composite 

centage ot amut in tS Si,|,“^i“Sl“Sm i ?o a'J.™ "’n'*’- 

were wS and 'ow smut infertiop, 

Pnltoi K-™- “■» «™ »‘l>er 

smut and with 'thf. K i?y Partial evcicuation with Fulton 

m 1 f • composite smut of 100 county collections 

and planted in tnplicated 8 -foot rows. a^Il of the selertions hfrf 
about the same reaction as Fulton to the Fulton smut (Table 1 ) 
orcAabl' ^ further reselection work in Fulton would 

Fulton ^ °-ts resistant tole 

shown some susceptibility to one race of 
loose smut m Kansas it is apparently well liked by farmers ?n the 
^ate. In 1944 it.was estimated that 40% of the aLage of oats in 

faSS"" •» a"d ?% .0 otLS 


T.vble 4. Reaclion of Fulton selections^nd parents to snmt, at Manhattan, Kans., 


Percentage sm,utt 


Variety or 
, selection 

Accession 

No. 

..Pulghum. ..... ' ' 

P T ‘TfhS 

Markton .... 

V-r.l. JOO 

C.I. 20K7, 

' 0.1.33^7 

Ks. 54i4§ 
Ks. 392 

Ks. 395 

Ks. 3914 
Ks. 3933 
Ks. 3939 

' .Fulton.. 

Fulton reselection . . . 

Fulton reselection . 

Pulton reselection . . 

.Fulton reselection . . 

Fulton reselection . . . 

Fulton reselection. . . 

Mean Fulton and Pul- 
tion reselections 



Fniton smut 


a? 

o 

60 

39 

50 

48 

62 

■45 

42 


Composite sniutt 


49 


62 

o 

5. 

6 

2 • 

0 

1 
6 

3 


oli£Sf a^l covered smut. A few of t.e collections in- 

. 5 BuIk 0. 30 reselecfons out o£ Fulton other than those reported in this table. 
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EXPERIMENTS ON OSAGE (C.I,' 3990., NEOSHO (C.L 414O, AND , 

^ OTHER NEW OAT STRAINS ■ 

A severe crown rust epidemic in, 1935 emphasized the need for 
a<ia|)tcd varieties with resistance to the rusts as well as the smuts. 
As a rcrtisec|uence, crosses were made between a number of Pulghuiii X 
Alarkioii strains, including Fulton and segregates of the Victoria X 
Richland crosses at Aberdeen, Idaho (i). 

In 1938 cand following years a large number of selections were 
sttniird "ill the Manhattaii oat rust and smut breeding nurseries. 
TIk‘ Sicd was inoculated ^¥ith the Kansas composite oat^ smut, 
ciclialing physiologic races of both loose and covered smuts. During 
1038, !03fn 1940, and 1941, Soo selections of Fulton. X (Victoria X 
Riclilaiici) were grown in the nursery. Twenty-eight per cent of the 
selciliuiis had one or more heads of smut per head row and were 
discarded. During the same period, 1,800 selections of (Fulghum X 
Mnrklon) X (Victoria X Richland) were grown. Twelve per cent 
f)f these selections showed one or more smutted panicles per head 
row and werc‘. discarded. 

The difference in the percentage of selections eliminated is ex- 
ploitiecl on the basis' that some of the .Fulghum X Markton selections 
used as parents in these crosses were not so susceptible to the Fulton 
smut as was Fulton. In 1940, 40% of the Fulton X (Victoria X Rich- 
land) selections were infected with smut as compared with 29, 2,2, 
1 5,9, 8, a'lid 0% of the selections from the other six (Fulghum X Mark- 
ton) X (Victoria X Richland) crosses. In one of these crosses the 
Fulghum, X Markton Fulton smut resistant selection C.I. 333,3 
(Tables 2, 3) was used as one parent and none of the 102 selections 
of this cross was smutted. 

Selections which did not show any smut, were resistant to rust, 
and appeared good agronomically were included in the adva'nced 
oat yield and oat smut nurseries. For the smut nursery the seed of 
each variet}^ or strain was divided into three lots; one was inoculated 
with Fulton smut, another with a composite of Kansas Fulghum 
smut, and a third with a composite of Kansas Richland smut. 
Inoculations were made by the partial evacuation method with a 
sitspension of ehlainydospores. 

Ill 1941 and ^ '1942 environmental conditions were very favorable 
for smut infection, while in 1943 they were only fair for smut infec- 
tion. In 1944 the soil was very cold and wet between planting and 
emergence of the inoculated seed:' and veiy low infection was obtained, 
especially on oat strains which had' previously shown an intermediate 
type of susceptibility. 

The data for these tests, given in Table 5, show that Fulton was 
intermediate in susceptibility 'to the Fulton smut but highly resistant 
tn the Fulghum smut and the- Richland' smut. Kanota was very 
susceptible to the Fulton and Fulghum' smuts but resistant to the 
Richland smut. Richland was Tesista.nt - to the Fulton and Fulghum 
smuts but susceptible to the. Richland smut. ■ 

Markton, Trojan, Brunker, Otoe, '■ New. Nortex., Boone, 

and Fultex were highly resistant to all groups of smut (Table 5). 


Table ^,—~Reactio?i of oat varieties and selections to smut at Mayihattan, Kans. 
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*Fiilton smut =-■ Kansas colkction of Ushiago avcnae; Fuliihtim smut = Kansas collections of U . avenue and U . kolleri. eacept Fulton smut; Richland smut = Kan- 
sas collections of U. avenae, and U. koUcri. 
fT “ o.i to 0.5% infection. 
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Altliotigli the Victoria' oat CI.A2401 was not. included in these. experi- 
ments, "it has been liiglily resistant in other ' experiments at Man- 
hattan,' even when seed with hulls off was inoculated with composite 
smut inoculum containing one-third Fulton smut. 

Columbia, a Fulghum selection, and- Marion, a selection from 
h'larkton X Rainbow, had an intermediate reaction to the Fulton 
smut; however, they were not so heavily infected as Fulton (Table 5). 
Columbia and Marion were resistant to the Fulghum and Richland 
seiiiis. . . 

Twenty-two selections of the cross Fulton X (Victoria X Rich- 
land) were tested from 1941 to 1943* Of these, 17 were similar to 
Fulton in susceptibility, while four were highly resistant. All of 
these selections were highb^ resistant to the Fulghum and Richland 
smuts. Many of these selections in the oat breeding nursery, and in 
the oa,t smut nursery have been intermediate in susceptibility to 
the Fiiitoii smut; therefore, it has been difficult to select a resistant 
strain that also has good yield and quality. Osage and Ventura, 
two good selections from this cross, are intermediate in susceptibility 
to the Fulton smut. Other selections from the same cross, notably 
Kansas selections 384948, 394894, 394962, 41369, and 41397, have 
been liiglily resistant to the Fulton smut but are not so promising 
agronomically as Osage and Ventura. 

In the oat smut nursery most of the selections derived from the 
(.Fiilgliuni X Markton) X (Victoria X Richland) crosses were 
resistant to the Fulton smut. In 1941, 1942, and 1943, i, 2, and 2 
selections, respectively, were interaiediate in susceptibility to the 
Fulton smut, while 19, 46, and 47 selections were highly resistant. 
All of these selections were highly resistant to the Fulghum and 
Richland smuts. Neosho and C.I. 4140 are among the most promising 
selections from these crosses (i). . , 

Osage and Neosho are resistant to the common races of crown 
and stem rusts and have good agronomic qualities. These two varie- 
ties have been approved for distribution in Kansas in the spring- of 
1945(1). 

SUMMARY 

Kaiiota, G.L 839, a strain of Fulghum, was distributed in 1919 
as smut-resistant variety, by the Kansas Agricultural Experiment 
Station. Howc^^^er, smut existed in the vSouthern oat-growing area 
of the United States to which- most Fulghum type oats were sus- 
ceptible. As Kanota increased in acreage, this Fulghum smut gradual- 
ly incrc^ased until it was fairly common and Kanota could no longer 
be classified as a resistant variety in Kansas. 

Fulton, e.I. 3327, a selection- from a cross Fulghum ■ X Markton, 
made 111 1926, was developed' to obtain a smut-resistant red oat. It 
was distributed by the , Kansas Agricultural Experiment Station in 
1939. 

Ill 193 5 and 1936 it was, proved that- Fulton was intermediate in 
susceptibility to a new physiologic race of - loose smut. This race 
existed as a slight^ mixture .in a few of The Kansas collections of oat 
smut and was purified by increasing it on Fulton. - 
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Kanota and Fulglium were susceptible, while Coltunbia and Marion 
were intermediate in susceptibility to the Fulton smut. Richland, 
Markton, Trojan, Brunker, Otoe, New Nortex, Tama, Boone, 
Fultex, and Victoria were highly resistant to this race of smut. ' 

In 1935, two crosses were- made between Fulton and Victoria X 
Richland and several additional crosses between Fulghum X Mark- 
ton selections and Victoria X Richland selections. Most of the Fulton 
X (Victoria X Richland) selections, including the promising varie- 
ties Osage and Ventura, eventually proved intermediate in suscepti- 
bility to the Fulton smut. ■ 

Most of the (Fulghum X Markton)' X (Victoria X Richland) 
selections, including the variety Neosho and the promising selectiofi 
C.I. 4140, were highly resistant to the Fulton smut. 

All of the varieties and hybrid selections included in these experi- 
ments were resistant to the Fulghum sihut, except Fulghum, Kanota, 
Frazier, and Fowld's Hulless. Burt and Red Rustproof had a low 
percentage of infection with Fulghum smut but are classed as re- 
sistant varieties. 

All strains were considered resistant to the Richland smut, except 
Richland and Fowld’s Hulless, although' Red Rustproof and Burt 
had 4 and 11% infection, revspectively. 

Osage and Neosho have been distributed to Kansas farmers for 
increase in 1945. « ■ 
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SOIL REACTION AS AFFECTED BY PLOWING UNDER 
HAIRY VETCHi 

E. B. Reynolds, W. R. Cowley, and J. C. vSmith^ 

T he effect of plowing under green-manure crops on soil reaction 
has l)eeii studied by several workers. Pieters (lo)'*^ in liis compre- 
liensi\e treatise on ail phases of green manuring has pointed out 
that workers have obtained widely different results from similar 
investigations. Since soil reaction has a profound mfluence on the 
physical, cheraical, and biological properties of soil, these conflict- 
ing results indicate the need of additional work to determine definite- 
effect of plowing under green manures on the, soil reaction. 
This is especially true in the southern states where the soils are chiefly 
noncaJcareoiis and have small buffer capacity.' 

During the last several years the Texas Agricultural Experiment 
Station has been conducting experiments on the broad aspects of 
gTeeii manuring. These experiments have provided an opportunity 
to study the effect of plowing under green manure on soil reaction. 
The purpose of this paper is to report the results of studies on soil 
reaction in green manure experiments with hairy vetch on, Lufkin 
fine, sandy loam at College Station, Tex.,- which have been conducted 
since 1937. These studies on soil reaction, however, were made only 
in 1940, 1941, and 19,42. ■ 

REVIEW OP LITERATURE. 

The effei't of green manures on soil' reaction has been studied^ in, field and 
kibf»nitory experiments. Pieters (10) in his review stated that the results reported 
from field trials did not show that green manures, in general, had increased 
jK'idity, although some workers have reported distinct' increases in soil acidity 

in pot experiments. 

Howard (6) found no evidence that any acidity resulted from the use of rye 
as a cover crop for a quarter of a century. Ames and Schollenberger (i) in report- 
ing the results of field experiments in Ohio over a period of 2.3 years state that, 
“Field oljser rations and tests made do not, indicate that organic' matter furnished 
hy green crops causes acidity in soil”. Miller (9) in Missouri concluded from his 
work that, “Ordinary green, manures -turned, under either dry or fresh do not 
increase soil acidity, although, a crop- containing much sugar, as in the case of 
sr.rghiim, does apparently increase soil acidity for a few weeks. This acidity later 
derTeases.” In greenhouse studies on- Leonardtown' clay -loam,, Smith and Hum- 
feld {13) reported that, “Green manuring produced no definite change in the 
hydrogen-ion concentration of the soil”, Thom and Sm,ith (14) stated that, “Green 
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manures plowed into soils in good tillable condition are broken down principally 
by bacterial activity without affecting or being affected by the acidity of the sur- 
rounding soil”. ^ _ ■■ 

In studies on southeastern Coastal Plain soils, Lewhs and Hunter (8) reported 
that, “The pH is generally lowered by the use of green manures on all the soils”. 

Other workers have studied the effect of turning under green manures on soil 
reaction. Pieters (lo) in his review of the literature pointed out that the results 
obtained w^ere somewhat conflicting but tended to show that green manures do 
not increase soil acidity. 

PLAN OP THE EXPERIMENT 

Five treatments were included in the field wwk connected with these studies, 
vk., (a) vetch alone, (b) vetch and 0-8-4 fertilizer, (c) vetch and 4-8-4 fertilizer, 
(d) 4-8-4 fertilizer, and (e) omission of both vetch and fertilizer. The treatments 
were replicated six times in randomized blocks. The plots were 125 feet long and 
18 feet wide. The fertilizer was applied at the rate of 500 pounds per acre, 300 
pounds to the vetch in the fall and 200 pounds per acre to cotton in the spring. 
All of the nitrogen, how^ever, was applied to the cotton. Hairy vetch was planted 
in the fall on a well-prepared seedbed and plo\ved under in the spring, usually 
about March 1 5. Cotton was planted on this land 3 or 4 w-eeks later. 

An area 34.25 feet long and 18 feet wide at one end of each plot w^as not planted 
to cotton but was left fallow after plowing under of the vetch. This fallowed 
portion was kept free of weeds by cultivation in the same manner as the portion 
X^lanted to cotton. This made it possible to observe the effect of the green manure 
on the reaction of the soil under fallow and under growing cotton. 

Representative samples of soil from the A horizon only were used in making 
the pH determinations. These samples were obtained by taking random samples 
at eight different locations to a depth of 8 inches on the cotton and fallowed 
portions of the plot and mixing them thoroughly to form a composite sample 
for each land use treatment (cotton and fallow). Samples w^ere taken May 27, 
July 7, and September 9, 1940; June 26 and July 28, 1941 ; and June 8 and July 3, 
1942. The samples were taken to the laboratory, air-dried, and placed in Mason 
jars. The pH w^as determined with the glass electrode (2, 4). The values reported 
as average pH were calculated in terms of hydrogen-ion concentration and then 
converted into equivalent pH. 

EXPERIMENTAL RESULTS 

Although this paper is concerned chiefly with soil reaction, it is 
pertinent to give here the yield of vetch because the amount of green 
material plowed into the soil is correlated with soil reaction, as 
will be shown later. The yield of vetch in 1941 and the average yield 
for the 5 years 1937-42 axe given in Table i. It will be obsen^ed that 
the soil which received phosphorus produced considerably more 
vetch than the soil which did not receive phosphorus. On the fal- 
lowed areas phosphorus more than doubled the yield of vetch in 
1941. Although vetch samples were taken separately only in 1941 
from the cropped and fallowed plots, the greater growth of vetch 
on the fallowed portion was evident in 1940, 1941, and 1942. 

. The pH values found in the course of these studies are given .in 
Table 2. Statistical analysis of the data show that there vras a highly 

Tx\ble i. — Average yield in tons of air -dry vetch per acre. 


Treatment | 

-"1 

■ of vetch, . 

. 1937 - 4 ^ 

j 

Plots planted ' 
to cotton 1 

Fallowed 

plots 

Vetch plus 4-8-4 

1.37 

1.85 

245 

Vetch plus 0-8-4 

1.31 

1,60 

2,08 

Vetch 

0.91 

0.94 

1.06 


.Yield of vetch. .in. 1941,011 
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significant difference between the mean pH of the soil on all of the 
plots receiving different treatments. A mean difference in hydrogen- 
ion concentration of ' .ioi X and .134 X 10“'^ is required -for 
significance between treatments mean on the .01 and .05 level, 
respectively. The average pH of the soil on all plots on which vetch 
had been turned under was significantly lower than that of the soil 
on the untreated plots at all sampling dates, indicating the vetch 
material had a decided effect upon the reaction of the soil. Although 
the increase in hydrogen-ion concentration evidently resulted from 
the decomposition of the green manure, an explanation' of the exact, 
processes involved in the change is not attempted here. Smith (i i) 
in working on another phase of these studies on green manure found 
that a much higher nitrate level was maintained on the plots receiv- 
ing vetch. This indicated that the increased rate of nitrification and 
the accumulation of nitrates was to some extent responsible for the 
increased acidity (12). The solubility of the bases and the loss of 
bases by leaching probably were accelerated by the decomposition 
of the vetch (7). The average pH of the plots receiving only q-S-q 
fertilizer, which was generally higher than that of the untreated 
plots, evidently was influenced by the basic residual effect of the 
fertilizer. 

The average pH of the soil on the fallowed plots was significantly 
lower than that of the soil on plots planted to cotton. The factors 
which evidently are responsible for the greater hydrogen-ion con- 
centration of the soil in the fallowed plots receiving green manure 
are the larger amounts of green material turned under, the greater 
accumulation of nitrates in the soil, and probably more leaching 
due to the absence of cro.p cover in the summer. The slightly lower 
mean pH of the fallowed portion of the plots which received no 
green manure may be attributed to leaching in the absence of crop 
cover and to seasonal fluctuations of the normal nitrate level. The 
differential response of treatments to land use (cropped and fallowed) 
probably was due to the difference in the amounts of vetch plowed 
under and to the residual effect of the fertilizer. 

Highly significant differences in pH values were found at the differ- ' 
ent sampling dates in 1940 and 1942. Preliminary work on these 
plots (ii) showed that the nitrates in the soil reached two peaks 
during the months considered in this test, the highest levels being 
attained in the latter part of May or the first of June, and in the first 
part of September, with a definite decline in July. The pH values 
follow the nitrate curve rather closely. Assuming that the fluctuation 
of the nitrate level was responsible for the change in pH, the in- 
consistency of results secured in 1941 can be attributed to the fact 
that both sampling dates were between the June and September 
peaks of the nitrate cur^T-e when the amounts of nitrates were relative- 
ly the same. The data in 1940 and 1942 evidently were secured near 
enough to the June peak of the nitrate . curve to reveal a marked 
decline in nitrates between the sampling dates. If the data for the 
one year in which samples were- taken in September rcan be; con- 
sidered significant, the lower values' at this : date eliminate; "any 
explanation of the change in pH on the basis of a fluctuation in the 
carbon dioxide pressure of the soil. 
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' Since these data' were obtained only during the growing season 
of the cotton, it is impossible to state definitely that the increase in 
hydrogendon concentration of the green-manure plots persists 
throughout the year. Hovrever, since the decomposition of organic 
matter increases the solubility of the bases and their susceptibility 
to leaching, it seems that the acidity might be permanently increased 
because of the textural difference occurring between horizons of 
the soil profile. Any bases leached into the heavy clay subsoil should 
be returned very slowly, if at all, to the sandy loam topsoil by ionic 
migration. Following this line of reasoning, it might be stated that 
the ultimate effect of green manures on soil reaction could vary 
with both soil and rainfall characteristics. 


SUMMARY 

The Texas Agricultural Experiment Station for several years 
has conducted' experiments on the broad aspects of green manuring. 
In 1940, 1941, and 1942 studies were made to determine the effect 
of plowing under hairy vetch in these experiments on the reaction 
of Lufkin fine sandy loam at College Station, Texas. It was found 
that plowing under hairy vetch produced a significant increase in 
the acidity of the soil, at least during the growing season of cotton 
which followed the vetch. The increase in acidity was more pro- 
nounced on the fallowed portion of the plots than on the plots planted 
to cotton. There were some differences in the pH values of soil samples 
taken at different dates, but the highest pH values were obtained 
from the samples taken in July. 

LITERATURE CITED 

1. Ames, J. W,, and Schollenberger, C. J. Liming and lime requirement of 

soil. Ohio Agr. Exp. Sta. BuL 306. 1916. 

2. Association of Official Agricultural Chemists. Official and Tentative 

Methods. Washington, D. C. Ed. 5. 1940. 

3. Baver, L._ D. Soil Physics. New York: John Wfiley & Sons, Inc. 1940. 

4. Clark, W. M. The Determination of Hydrogen Ions. Baltimore: The 

Williams and Wilkins Co. 1928. 

5. Hill, H. H. A comparison of methods for determining soil acidity and a 

study of the effects of green manures on soil acidity. Va. Agr. Exp. Sta. 
Tech. B'ul. 19. 1919. ' 

Howard, L. P. The reaction of . the soil as influenced by the decomposition 
_ , of green m,anures. Soil Sci., 9:27-39., 1920. ■ 

Jensen/ C> A. Effect of decomposing organic matter on the solubility of 
certain inorganic constituents of the soil. Jour. Agr. Res., 9:253-268. 1927. 
Lewis, R. D., and Hunter, J, H. The nitrogen, organic carbon, and pH of 
some Southeastern Coastal .Plains soils as influenced by green-manure 
^ crops. JourlAmer. Soc.'Agron., 32:586-601. 1940. 

Miller, M. P. ' Effect of the addition of organic matter to the soil upon the 
^ development of soil acidity. Mo. Agr. Exp. ' Sta, Bui. 147. 1917.' 

Pieters, A. J Green Manuring. New York: John Wiley and Sons, Inc. 1927, 
SMITH, J. L. The effects'of hairy vetch used as a green-manure crop on Lufkin ' 
fine sand>- loam. Thesis, Agron. Dept., A. & M.' College of Texas. 1941 
Smith, N. R., and Humfeld, H. Effect .of .rye and vetch green manures on Uie 
microflora, nitrate, .and hydrogen-ion concentration of two acid and L 
neutralized soils. Jour. Res., 41:97-123. 1930. 

./■ '■ 7 k The decomposition, of green manures grown on a 

^ A turned under compared to the decomposition of green manures 
added to a fallow soil. Jour. Agr, Res., 43:715-731. 1931. 

. riiOM, C., and Smith, N. R. The relation of soil acidity to the decomposition 
of, organic residues. Jour. Amer. Soc. Agron., 25:392-396. 1933. ^ 


10, 

11. 


14 - 


514 JOURNAL OP THE AMERICAN SOCIETY OF AGRONOMY 

BUMT REACTIOM OF HARD RED WINTER .WHEATS 

IN 1938-421 

K. S. Quisenberry, H. A. Rodenhiser, and C. 0. Johnsto# 

S INCE the fall of 1930 a coordinated cooperative improvement 
program for hard red winter wheat has been in operation in 
the principal winter wheat-growing states of the Great Plains. As 
a part of this program there has been carried, on a rather extensive 
scale, a study of the reaction of wheats to bunt. Data obtained diiriiig 
the years 1932 to 1937, inclusive, have been' published.^ Since , the 
general plan of the nursery was changed with the crop of 1943, it 
seems desirable to present the information available up to that time. 

MATERIALvS AND METHODS 

The general plan as outlined previously was followed in the work reported 
here. Fifty varieties and strains of wheat were planted in duplicate 6- or 8-foot 
rows each year. These included (i) new hybrid strains found to be bunt resistant 
at some stations, (2) varieties from agronomic tests on which more inforniation 
was desired, and (3) a few wheats primarily adapted for growing in the western 
wheat region. Two susceptible checks, Kharkof (C. I. 1442)^ and Cheyenne 
(C. I. 8885), were included, as well as a few varieties that would give some indi- 
cation of the physiologic races of the organisms present in the composite mixtures 
of the inoculum. Except for this group, strains were discontinued when found 
to be highly suscexjtible, when it appeared that a satisfactory determination of 
their bunt reaction had been obtained, or when they proved to be undesirable 
agronomical^^ 

Seed for the tests was obtained from sources apparently free from bunt and 
no special treatment was applied. The inoculum for each nursery was a composite 
of chlamydospores obtained from the previous^ test at the same station. From 
time to time collections of inoculum obtained from commercial wheat fields in 
the area represented by the individual nursery were added to the composite 
of bunt spores. In these preliminary tests only approximate determinations 
were made as to the proportions of Tilletia foetida (Wallr.) Liro and T. caries 
(D. C.) Tul. that occurred in the mixtures. The inoculum for the Manhattan, 
Ivans., and Denton, Tex., nurseries was pure for T. foetida; for the Bozeman 
and Moccasin, Mont., nurseries there was approximately 30% T. caries in the 
mixture, and only small percentages of this species in the inoculum for the other 
stations. 

In some or all of the 5 years reported, nurseries were grown at Denton and 
Amarillo, Tex.; Stillwater and Woodward, Okla.; Manhattan, Kans.; Akron and 
Fort Collins, Colo.; Lincoln and North Platte, Nebr.; St. Paul, Minn,; Moccasin 
and Bozeman, Mont.; Kearneysville, W. Va.; and Beltsville, Md. At Logan, Utah, 
clean seed was put into soil that was presumed to be contaminated with the dwarf 
bunt fungus. 

In each row the percentage of bunt was determined by estimating the total 
number of heads and then counting those bunted. Actual counts of the total 
numbei* of heads were made on several rows in each nursery to check the accuracy 
of these estimates. 


^Cooperative inx^'estigations of the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultiiral 
Research Administration, U. S. Dept, of Agriculture, and the agricultural ex- 
periment stations of Texas, Oklahoma, Kansas, Colorado, Nebraska, Minnesota, 
Montana, Utah, and West Virginia, Received for publication March 8, 1945. 

^Senior Agronomist, Senior Pathologist, and Pathologist, respectively, Division 
of Cereal Crops and Diseases. The writers express their appreciation to coopera- 
tors at the varioris experiment stations for their kindness in growing the nurseries 
and furnishing data. 

3R0DENHISER, H. A., and, Qbisenberry, K. S, Bunt reaction of some varieties 
' of '^hardwed^ win ter wheat. Jour.- Amer.Soc. Agron., 30:484-492. 1938. 

L refers to accession number of the Division of Cereal Crops and Diseases, 
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DATA OBTAINED 

A summary of the data obtained at the different stations is pre- 
sented in Table i, Data were not recorded from all stations every 
year because of unfavorable environmental conditions for bunt 
infection or for plant growth. Data were obtained from_ lo stations 
in 1938-41 and from ii stations in 1942. Since all varieties were not 
grown for all of the years, the average percentage of infection is 
shown in terms of percentages of Kharkof (C.I. 1442) grown in com- 
parable experiments. In this way varieties may be compared directly. 
The varieties are listed in Table i in order of resistance as expressed 
in terms of Kharkof check. 

A total of 123 varieties and strains were tested for i to 5 years 
during the period 1938 to 1942. No variety was entirely free from 
bunt in all tests, but three averaged less than 1% and are recorded 
in the table as trace. Six varieties had averages of 1%. Some of the 
named varieties showing the most resistance were Hohenheimer, 
Relief, Hussar, Albit, Nebred, Ridit, Yogo, Minturki, Comanche, 
and Oro. The average infection for Oro was 10% for the period 1938 
to 1942 compared to 38% for Kharkof, while in previous tests for 1932 
to 1937 these varieties averaged approximately 5 and 45%, respec- 
tively. A total of 93 varieties had average infections lower than did 
Oro. 

It is evident from these tests that a number of resistant selections 
have been obtained from hybrid combinations. Some of these are 
Hope X Turkey 1069, H44 X Minturki^, Oro X Tenmarq, Martin X 
Tenmarq®, Tenmarq X Minturki, and Blackhull X Oro. Several 
Turkey^ selections also have shown very low infection percentages. 

The behavior of three new wheats recently increased and dis- 
tributed should be noted. Comanche, a selection from the cross Oro X 
Tenmarq, had an average infection of bunt of g%. Pawnee, a selec- 
tion from Kawvale X Tenmarq, was included for 1 year and averaged 
14% infection compared to 14% for Oro the same year. A third 
variety, Wichita, selected from Early Blackhull X Tenmarq devel- 
oped more bunt than did Kharkof. 

In the presentation of these data, the average percentages of in- 
fection for all stations in any one year are given. As a result, the 
true reaction' of varieties and strains to individual physiologic races 
of the bunt organisms that may occur in different areas is masked. 
For example, as shown in the 1942 report, Oro developed approxi- 
mately 7% bunt at Manhattan, Kans., but at Akron and Fort 
Collins, Colo.,_ and at Bozeman, Mont., it had 55, 59, and 75%, 
respectively. Similar results were obtained with Comanche and other 
hybnd strains having Oro as one of the parents. These differences 
111 reaction are explained by the absence of race L-8 in Kansas and 
the high prevalence of this race in collections made in Colorado and 
Montana. It should also be emphasized that the inoculum used in 
each test was a composite of several bunt collections. Relatively 
few chlamydospores of a particularly virulent race may have been 
present and, as a result of this dilution, the bunt severity from anv 
one race no doubt was decreased. Thus, all of these results should be 
considered preliminary in nature and final tests with varieties and 


Table i.—Siwimary of bunt infection of varieties and strains of winter wheat grown in the uniform winter wheat bunt nurseries in 

the Great Plains area, 1Q38-42. 


516 


JOURNAL OP THE AMERICAN SOCIETY OF AGRONOMY 


cS ^ ^ oj ci ci •^iOtoioiou^iouisyijioior^rCr^ 


§ 

o 


Pm 


fcuO 
^ cd 

O 
<u > 


0) CU 0) 

I s 




O 

C^ 


ON 

PO 

ON 


X' 
rO 
O'. ' 


Mi j j Cl 


n I I w fN| rO fO M w j j fO fO fO I '?t' M 


00 

VO 

i 


CO 

^ Ql 


o 

z 


2K f 

fO .fl 3 


^.cq^ 

CL> ^ 


vjO , 


, fO 


w 0 v; 


VN I ^ ^ X ''t rO 

9^ lO'™^ 90 '^'^I^ 0 nM .VcT') 

00 Ph O ‘ - rTi t<3>— , iTi XnCLs "L r«r,! 

O M ‘ ‘ 
w X 


Onx 


X 


roOfe • xO 


!2*~^ !2 X 

\0 ^ ^NO rjr ri- "It* ^ , 

I • x to to t<0 XH-jW to -tf to rf 

. ..cqffi 

O OQ <D CD 0 *^-* CD <0 <DOz 4 ) <U <D 

^^^coco-^P^LQC/Dc/iJc/soQaDco 


W i- so }m ^ W 2 +3 CJ ',H 22 

ooOLr 2 L 0 ;*i>'^cda;cdc 3 csa)ci)CL> 4 >r: 2 ®>cuc 3 

ZZZSSZMWZMWWQZZZSZZW 


^ o 

dZ 


XX o M NO OnX 

O X t-i rdhX NO X NO 
■Tj- On ■tfX O NO ON ON 


X On !>• On W -tf 
O NO Cl O XXX 
i-< On CO WX 


X I''* X X 
Cl NO NO NO 
X ON On On 


Cl M Th 
Tj- 

X X NO 


O. 

0) . 

X.: 

. cd 

> 


4-«( 4-^ 

(U in 

b'SS 0) 

> 2 - 3 ^^ 

J 

cf^ 

•§^x^.iSx 


M 


X c^ 

^ NO 

rs 




o 

S >^li 4 O^r >* CT* C^M-a 

g p ^ o ^ t; 9 9 


ON 

'tnNO 

P^O 


Z^-g||||S^O|xiS 


.|x 


c 5 

I 

-. ^ , n vz-x o a>»5 o a> S 

NO gz; m w ^ w CD fH 

”X,,..fl'gX-gcX^^X^^ 

U T ^ O 

9 3 * P 



►Es O W Is^ P4. OK ^ nd O O W W 1^ hd pi p O 


342 ^ 


X Mil 


QUISEHBERRY, ET AL, : BUNT REACTION OF WINTER. WHEAT 517 - 


M « q q ro co>o rO UO U? »o >0 U? to 10^ 

tC, t'C r^'rC, r^oo 00 as d d d d d o o o o o o o o o o o o o o w w n « w ^ 






1 M M 

01 C 5 »""! 1 

1 ■^'*'1 M 

rhj j totocstoto-thl j 

j so to to 1 

0 } Th 

1 so to I 1 

fO ’ti* to 1 j 

1 M 1 M 

0 1 1 '!^ lOVO NO NO CO j>. 1 

M 1 M 

01 00 

to W C-1 ro to 

M “ M 

11 1 1 voc, 1 

cOTh-tj"! |« 0 [ |tOtO| 1 

1 1 1 1 ■" 1 

01 01 


<0 01 to to I j j I j I I j *0 Tt- too ^ I j j [ [ j I j j 1 I i j ^ I 


«| !<>«| I i j<NC<OC 4 HHj I I I I I iMwtfT'ct'l I 


o 

« ^s,f- 

W to A 
tO„. I CO , ^ to 
’-tl'-ft) 0^0 
CO Tf CO^* M 

. - ' . o . 

13 T3 TS - 
trimm 

m A A S A o ■ 
iS o o cJ _Q -_: 

CS CD O 0) iD . 7 ^ 


Xo 


CO O U) 

o %0 

p:z 3S 



to M O ■tf” w 
POO VO Ci 00 
00 chav^oo O', i 


to to to W 
tM'v O ir^ 

00 (M 00 O 

rfOO t-f i-« 


000 to O O Thoo 01 
O rh 0 ) to 0 } 0.00 00 
toco 00 CO 00 O On Os 


O 

to 

to 


vO to 05 00 A< 

M O to 05 I-* 

O cso 00 00 CO 

O w M w t-< 


^ i-t to 

O to O 00 
00 On 
M )«-< vO ■ 


ON 

>N I "I 

CJ 


w 

.S^xx^^ 

d A XX _ 

^ ^ ^ 
n ci« d ' — ‘ 




:x 


« cS 

^ S 


^ s 

' ,oS 


w 


gx 


p ^ ^ 

0p:3 


-# rT S ^ ,^vo 3 S ^ iwj'y 

^ W I... '1 W W 4 ^ ^ Cy ! or? 


^ \y s>^ 

B . 

^-SxI’S'' 

^ -e 6 fa s 



0 ) 

a 

8 

So 

ix 


g § §- 


£ I 

o V 

^'B 


o o 

w t-< 

Xoo 


p, . 

S P" 
?? c3 


A ctj ca w H CO 

h 6|!£:5' xxa | 


& 

^ ^ X 

’^t-S |•|‘sxx| lll-l^ 


»-H VO^" □» NO 

^ Vr5^ V V S S X ° 
S « St* P ^b^.\/sy£b 


X 


1| sj-s i-i |l| s||l O o-llll g p;g 

H S O ^ Iz: K H ffi !S H S H H S O O O K S S 


Table i -’-Concluded. 


518 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


N-J 


‘-t-x O 
^ O 

O o U 
pH M 


g 

Jo 


^ bG 
cd 
bJ2 ‘ 


• ^ CD 


Ch 


O 

:z; 

p 

"p 

m 


HH 

d^s 


.a 

>1 


o., , 

>. 


.: 'CtJ; 

> 




(Nj N cji 10 10 to to q o q -^oq cq cq iq jq kc q\ q o o >-i \o M r-. o 

th fo <di th ro (h to io in xjh in ih iiO ih b< s>.a 5 ds d d 6 w mV cd rd id 

X'-XMM MM MMM(s^(>405 05 (v^e'J«S|?V5 


M M M I 


10 ic 10 to 10 »o io%D 'sOvovovoo'O'jd t>.«) 00 00 co cx) 000 


^'^11 j j VO-VO VO I 00 10 I I I : ,r 00 00 ! j O O 


00 1 OV O 00 


o 


cv 

fO 

0 \ 


fO j i i j 


vO I i j c^ I I I 00 


. to 10 VO 10 »0 I 


ro 


r 

VO 


VO 

VO 

! 

OS 


1 ^ 
VO r-N. 
<0 tv< 
csj 

CO <0 


rO J2 

CJ o 


< tj- 
CO M 
Tt r^ 
CO VO 
<N CO 


01 
■ o 
0 


OV 


O'OE: 


O <0 

^ CO 

03 . 




’OJ'O rtS 

COCO ^co^ 

S SCL ffi'S'o'S 

S Cti • S ,5 ,P tM 


CD 


'V, d 

O r* 


7 f S 

00 * VO 

<q O po O I VO vO CO CM 
i VO So Z VO rf COOO vO rf 
cq cOm-i m av'”^ mao -ct - on Ov <m 

1 ! . MHHOl .TfMCOCiNvO 

|Xi pD ^ VO^ I’N.OO ^ 00 IA.CO CX) i'>‘ o> 

^ C <“5 CO «0 fO'^ eO M-s cO ro N m 


to CO fO" cO CO cO CO CO 

'V ''sfj . . . . . . 


mm to to m^m 


JOjDOJCSq'flPC PX'P PC C 
P II3 P M P P P IT! P P cS rt cc3 O 


CO O covo M 00 Ov 
CO Ov CO CO «0 <0 CM 
Cv Cv O 00 00 CX) 00 


M cX) VO VO I 
VO CM VOCX5 ! 
OM^ m Cv 1 

M MVO M i 



■Ci' 

10 I 

j 0 M to 

10 

j:m 

irj ! 

1 . 00 l-O IM 

0 

so 

Ov 1 

Ovoo VO 





M ! 

M 

M i ; 

i M M M 


q q 


oa 

XX 


O O; 


o 

u 

q ^ 
d S 




jO ' 


S 


ci 


|fex|^^xxx| 


p 


p 

o 


m 


id^oxcc 


XcsI^'^'iS’s^'l 


P ' 


djC 

g'|i2xixx|xs'X 


X 


m 


<D 


O O'l 


(U 


Jid Pii ' 'O -S 'S' ^ 

■ M- H ' 0 . o -S' 

P J 3 p s 


xx:S»:ax||'|x||x| 


-j^^.vM.'-ACr' o'. ... cr^J^.CT' 

K'*' 'Cd' '■ 5 -*, n;^r V'l rf ^ 

d :d:.5'. O U M ,d d d“*J Sam am jfiM. M S 

&^H>^ffiaaOOPQOPPOSHHWapQO^SKSHS 




p’ 
o c 
cr* ^ 


X 


s5 


ji 

a 


Oro X Temiiarq. ... . . * . ... ... . .| 11827 


QUISENBERRf, ET AE. : BUNT REACTION OF WINTER WHEAT; ;3,^9 


^00 w ioro'N q coioqsc^^t^q.oq q>q 


rO'^heoeOcOtOOsJN.O m co«r5Th lOco 00 q\ 





! ! i i 1 1 ■’^t' i ! 1 1 I 1 1 1 

CO 1 I 1 f 0 coco 

1 00 MD 

i ! 

HH 1 


1 M 1 1 1 i 1 1 1 1 1 1 I 

cl 1 1 1 rhTj--cl" 

1 VO 00 

1 ! 

r"- 1 


^ ^ s j CO CO CO 1 1 w 1 1 

1 CO ! to I 'O ONX 

cj r>« 1 

1 1 


M 


1 CJ i Cl j CO CO so so^ 1 


S*.. M 

1 

t".,oo iiiPOjillliioi^ 

I 1 [ 1 1 GO CO j 

10 to 1 

1 i 


1 

IM'-^IMlIllciw 

1 1 I ! i CO to 1 

^a-vD 1 

Cl H4 

0 i 


i 1 1 1 1 1 1 ! 1 1 ! 1 I 

1 1 ! 1 ! M 0 1 

t'N. ON 1 


i 

1 

1 1 M I 1 1 1 1 1 1 « .1 « 1 

! , ! 1 1 ! Tf 1 

to to 1 

I-*.. 1 

'*0 i 

I 

I ! 1 i ! 1 1 ! 1 i ^ 1 1 ! 1 

1 1 1 CO c-co 1 

0 j j 



! 

i 1 1 1 1 i ! 1 1 1 -H 1 1 1 1 

1 1 Cl 1 01 CO CO 1 

to I 1 


c^ 

S’ 

« 

o r%, 

fO CO 

TS 13 
c/D to 


03 c5 

MW 


00 

CO rt 

I I 

C» ^ ^ ^00 OC ^ 

rs. ^ 01 

sjD ^^00 CO r4 o\ ^ 
^'O CO ro ' 

. o . . 


^<3^ | 0 M O t-i 00 

(^pC| CS| r0^j'’c0^c0c« <NI37 o'^“^ 

O C'.. itn^OO GO f^QO rs.^ <0 ^ . "^00 PO 


tm 


q oj 13 CD 


CO fOOll 


o r-.oo /2 CO" *^c3o’ cE o 7:^5 'i'oo to 

■ ' CO CO coO CO • cO CO rOc— ) 

r q r • • "^ • • • 


w w w w q'cj <i> <yl3^'a3'a3 cj S'a5’a3'a3 

CO ^mmmm c:^ ^Zimtnto<ntn ^totnw gcocoao 

•j; S M w M S r%" u rA u tA A tA S- A u At w t/3 oo 

^ oJG cxiC osP^q: cjqjrt flc soax! flQaaa 

(3;a3qc!3<Lia3<Li .qc3<Dc13!:^a3G)a3^cti^PrfC!3S 


£’'*.0 0 ! CNGO i 
«jO Cl 00 I £">. I 

a. Cl o. 1 o-^ cs 

M C8D :hm i W I 



C"* c\ 

f 

to 0 

0 


. VO 


00 VO 1 

j 

CO'O 

SOON 


Cl 


ONvo : 

1 ! 

00 Os 

Q» Ov I 


GO 



} 

1-4 M 

M M 




»-! t-< ! 

‘ 

, 1-4 Ml 

, M M i 


M 


X 

3 

u* 

S O 

So 


<X 3 

3 fXg 

T «, tD a 

a B 


.S ^ o 


t"*. N to CN! VD '•sa- o. 
CO ■cj-oo uooo m o 
OO Tfcso O\Q0 £"% M 

t-H M 00 M 00 c-t n 


a S'a 

g S o 

|gw 

<UQ 1 ^ 

P la 


o ca 


03 g 03 
ca 


^xo|>a>X33F^ 

XS'X S Sxi 

o2oWWXm;§|XM^W 

’3 po'q XX jrt X>.» ,*^X^X'E S <^ aj SiE 

H :§ W HJ W ^ CD M M s a M O S ao (2 


215.0 


Table 2. — Summary of reaction of varieties and strains of winter wheat to dwarf bunt when grown at Logan, Utah, 194.1 and 1942. 
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strains that appear here to be resistant should be made with ■ indi- 
vidual bunt races before final conclusions are drawn. 

' Dwarf bunt of whear has not been found in the Great Plains area. 
In a search for factors for resistance, however, the varieties and strains 
included in the hard red winter wheat nurseries have been tested at 
Logan, Utah. Data obtained in 1937 have already been published^ 
and those obtained in 1941 and 1942 are presented in Table 2. In 
these^ tests both Martin (C. I. 4463) and Hussar (C. L 4843) and 
certain hybrids involving one or the other as parents were highly 
resistant. One strain, Hussar X Kanred (C. L 11989), had no infec- 
tion the year it was tested and three other selections had averages 
of only 1%. Relief (C. I. 10082) and Ridit (C. 1 . 6703), in addition 
to the above wheats, are included among 14 varieties and selections 
having less than 10% infection in these tests. Holton and Suneson"' 
have determined the reaction of varieties and selections of winter 
wheats at several stations in the western region. A few of these 
wheats w^ere used in both series of tests reported here. The results 
reported in Table 2 are in agreement with those reported by Holton 
and Suneson, except for the reaction of Minturki, which in the 
present tests showed 63% infection at Logan in 1942. 

SUMMARY 

A large number of varieties and strains of hard red winter wheat 
have been tested for bunt reaction at several stations in the Great 
Plains and at Keameysville, W. Va.; Beltsville, Md.; and Logan, 
Utah. The inoculum used was a composite of collections of Tilleiia 
foetida and T. caries obtained from fields selected at random through- 
out the state in which the test or tests were made. 

No variety was free from bunt in all tests, but a number showed 
considei'able resistance. Selections from such crosses as PI ope X 
Turkey 1069, H44 X MinturkP, Oro X Tenmarq, Martin X Ten- 
marq, and Blackhull X Oro had a rather high degree of resistance. 

Since only bulk inoculum was used, these tests should be con- 
sidered as preliminary. The more resistant varieties are being tested 
to known races. 

When tested with the dwarf bunt organism at Logan, Utah, four 
strains were as resistant as Relief and eight as resistant" as Hussar. 
Most of these wheats had Hussar, Martin, or Ridit as one parent. 

^See footnote 3 . 

®Holto.n, C. S., and Suneson, C. A. Wheat varietal reaction to dwarf bunt 
in the western region of the United States. Jour. Amer. Soc. Agron., 35:579™583* 
1943 . 



EFFECT OF MAMIJRE, MOISTURE, AND MECHANICAL 
INJURY ON THE HYDROCYANIC ACID CONTENT 
OFSORGHUM^ 

C. J. Franzke and a. N. Hume^ 

T he amount of hydrocyanic acid occurring in strains of sorghum 
is subject to modification by changes in environment, such as 
weriiher, soil fertility, and kind and amount of fertilizers. Also, it 
nuiv be modified by injuries from a variety of causes, such as wiiid,^ 
bail trampling by animals, insects, crop diseases, or by farm machin- 
cry. 

'The purpose of the present investigation was to determine the effect 
of niantire, moisture, and mechanical injuries on the hydrocyanic 
acid cx)nt.ent of sorghum. These are presented under two headings, 
first, the effects of stall manure applied on two soil types at three 
moisture levels on the hydrocyanic acid in sorghum strains, and 
second, artificial injury to sorghum strains and its effect upon the 
hydrocyanic acid content. 

LITERATURE 

Only publications having a direct bearing on modification of growth and con- 
sequent h}"drocyaiiic acid in sorghum are cited. Brunnich (2)^ listed a large number 
of ‘t'cmfiicting statements and theories’ ' about conditions under which sorghums 
ma\' bec:ome poisonous, as variations in maturity, rainfall, drought, frost, insect 
damage, molds or fungi, fertilizers, temperature, and humidity. A summary of 
factors influencing h3^drocyanic acid in sorghums has been presented by Couch (4). 

Peters, et al. (9), Francis (5), and Vinall (ii) stated that growth arrested by 
drought presents a very favorable condition for the elaboration of the^ poison. 
Wiliaman and West (12), Coleman and Robertson (3), Leemann(8), and Couch 
(4) cited instances where clim,ate and soil influenced hydrocyanic acid in sorghum. 

Hogg and Ahlgreii (7), after growing ro lines of Sudan grass at several experi- 
rruyit st.ations jn the United States and Canada, concluded that the hydrocyanic 
;i<id iontcnt is profoundly influenced by soil and climate. They further state 
that tenqieniture is important in deteimining the level of hydrocyanic acid while 
rainfajl and sunshine affected no significant correlation. 

Willaniaii and West (12), found that , sorghum plants grown under inadequate 
ronditions were higher in hydrocyanic ' acid than plants grown under 
more iavorahUi coiylilions. Fnmzkt. ct aL (6) found that sorghum plants grown 
iirjder higli soil nioisture were lower in hydrocyanic acid than those grown. under 
droughty i'onditions. Hogg and Ahlgren (7) found that hydrocyanic acid of Sudan 
I'rass inrreiised as tlie nioisture content of the soil decreased. 

Soil fertility a|)parently has an effect upon hydrocyanic acid content in sor- 
gfiurns. \\ ill a man and WesL (l2) found that heavy nitrogen fertilization had an 
on ]-i>’dro.ryanic acid of Sudan grass. Pincknev (10) demonstrated that size, 
-olor, and ijrussic acid content of sorghurn plants were affected by adding differ- 
ent arnoirat.'- of sodium nitrate to three Minnesota soils low in nitrogen. Brunnich 
(2) and Boyd, et ah (i) found that addition of nitrate to the' soil increased hydro-* 
eyana: acid. Franzke, et iil. (6) and Boyd, et al, (i) found that applications of phos- 
pliorus reduced the hydrocyanic acid, Franzke, eLa/,,(6) noted that, under' field. 
•/c-ralir.or.s.p,,'aniyiird manure decreased the hydrocyanic acid but sweetclover 
iHCaveci unoer as green manure caused an increase. ' ’ 

Franzk e, d uL (6), working on forage sorghum, and Hogg and Ahlgren (7), 

_ ^yloumal Taper No, 194 South ■ Dakota- Agricultural . Experiment Station, 
iirooKings, b. u. Received for publication October 31, 1944. 

■Assistant Agronomist and Agronomist, respectivelv, 

Tigiires in parenthesis refer to ** Literature Cited’ lip. 531. 
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working on Sudan grass, state, “that hydrocyanic acid content is a heritable 
character and also that hydrocyanic acid in selected strains is modified by 
changes in environment and soil conditions”, 

EFFECTS OP MANURE AND DIFFERENT MOISTURE LEVELS 
ON HYDROCYANIC ACID IN SORGHUM 

MATERIAL AND METHODS 

Ninety-six 2-gaHon stone jars were divided into two series of 48 each. One 
series was filled %vith Barnes sandy loam soil from a continuous wheat plot at 
Brookings Main Station; the other with Orman clay from a continuous wheat 
plot at Cottonwood Substation. Wheat had grown continuously for 15 years at 
each location. No fertilizer had been added to either plot. The Barnes sandy 
loam will be hereafter known as series I and the Orman clay as series II. 

Series l and II were each divided into two groups of 24 jars. One group in each 
of the series w^as treated with stall manure. An application equiValent to 10 
tons per acre ^ was calculated on the basis of the surface area of each jar and 
thoroughly mixed with the soil. The other group in each series was left untreated. 

, The treated and untreated group of series I and II were again divided into two 
sub-groups of 12 jars each. One sub-group was planted with low hydrocyanic acid 
sorghum strain No. 39 and the other sub-group with high hydrocyanic acid strain 
No. 19. Both strains are very similar in maturity and vegetative growth and are 
forage sorghum types selected from the Dakota Amber variety. 

Each sub-group of series I and II was then divided into six manured and six 
unmanured jars. Duplicates of treated and untreated jars of each sub-group were 
supplied with 15, 25, and 35% of moisture. Air-dry weights of the soil were pre- 
viously determined and percentages of moisture were maintained at the given 
levels with addition of distilled water three times per week. 

The first planting of sorghum was made January 28, 1939. Thirty sorghum 
seeds were planted in each of the 96 jars, consisting of 10 hills with three seeds 
each. The seedlings were thinned to one plant per hill, leaving lo plants to grow 
in each jar. In the course of the experiment the jars were rotated and randomized. 

On March 22 when the plants were heading each group of series I and II was 
harvested separately, tagged, and properly labeled. The leaves were stripped from 
the stalk and midribs of the leaves removed before cutting the leaf blades into 
smaller portions. The leaves from each jar were cut into pieces approximately 
inch in length and the finely cut portions thoroughly mixed by hand before further 
sampling. Samples were weighed out for moisture and h\^drocyanic acid determi- 
nation. Determinations of the hydrocyanic acid w-ere made in duplicate by the 
method described by Franzke, ct al. (6) and the content of hydrocyanic acid 
reported in parts per million of dry matter. 

After harvesting the plants for analysis, the stubble remaining was removed 
from all jars in series I and II. An additional application equivalent to lo tons 
per acre of stall manure was applied March 22 and thoroughly mixed into the .soil 
of all the jars previously treated. April 8, the jars were replanted with sorghum 
exactly as before. The second run was completed June 1 1 when the sorghum plants 
were heading. The handling of the plants after harvest and the hydrocyanic acid 
and moisture determinations were made similarly to those of the first run. 

EXPERIMENTAL RESULTS 

. After the completion of analyses of hydrocyanic acid in the plants 
'ot the two sorghum strains grown on series I and series II, a careful 
: comparison of the .results from the first and second ran .was made. 
It. appeared that the trends of the results were, the same. Accordingly, 
an average o,f the p.p.m.. of hydrocyanic acid .in the strains from cor- 
responding treatments in the two runs was calculated and is reported 
in Table i. 

The hydrocyanic acid content was higher for strains 39 and 19 
produced on series I than on series 11. This is true for both sorghum 
strains irrespective of whether manure wms applied. 



IRANZKE AND HUME.* HCN CONTENT OF SORGHUM , $25 


Table i. — Average, (first and second run) hydrocyanic acid content in p,p,m: in. 
sorghum strains grown on two soil types with and without maiture at three 

moisture levels. 


Moisture, 

07 ' 

/€' 

1 Strain 39 

Strain 19 

Series I, Barnes 
sandy loam 

Series II, 
Orman clay 

Series I, Barnes 
sandy loam 

Series, II, 
■Orman clay 

1 

1 

No 

. ma- 
nure 

!0 tons 
ma- 
nure 
per acre 

No 

ma- 

nure 

10 tons 
ma- 
nure 
per acre 

No 
ma- 
nure 1 

10 tons 
.ma- 
nure 
per acre 

No 

ma- 

nure 

10 tons 
ma- 
nure 
per acre 

15 

25 

35 

400 

323 

175 ’ 

370 

282 

U39 

397 

201 

170 

283 

172 

100 

2,358 

709 

212 

1,625 

557 

1 16 

1,903 

699 

267 

1,498 

582 

208 

Average. . . . 

299*3 

263.7 

256.0 

185.0 

1,093.0 

766.0 

956.3 

762.7 


The hydrocyanic acid content in the sorghum strains decreased 
as the soil moisture level increased. This decrease in hydrocyanic acid 
content occurred in both sorghum strains grown on series I and II with 
and without manure. Soil moisture apparently plays an important 
role in determining the level of hydrocyanic acid in sorghum plants. 

The summary on relation between rate of growth of the sorghum 
plants and the hydrocyanic acid content is shown in Fig. i . 

It may be observ'ed that the application of stall manure' to soil of 
sorghum cultures, under the conditions of this experiment, was 
attended by reduction in content of hydrocyanic acid in the leaves 
of sorghum plants. 

The application of stall manure produced increases in growth of 
the plants in which the reduction in hydrocyanic acid occurred. 
These increases in growdh were produced in two separate strains 
ot sorghum and on two representative soil t}rpes which may be 
a.ssumed to represent a wide range of conditions actually encountered 
in .sorghtun culture. 


I he applications of stall manure were made in comparison at three 
progressive soil-moisture levels. The increases in soil moisture were 
attended with decreases in content of hydrocyanic acid These 
decrease^ also occurred in connection with increase in growth of 
plants. The increase of growth due to increase of soil moisture was 

application of stall manure was 
cAideiitly eftective first in, inducing increased growth, and also in 

inducing corresponding reduction in content of hydrocyanic acid 
in the leaves of sorghum plants when soil moisture was available. 


MECHANICAL INJURY APPLIED TO SORGHUM PI ANTt? npnwM 
UNDER FIELD CONDITION AND ITS EPPEUT TCPOm 

hydrocyanic ACID CONtIot.^sS 

MATERIAL AND ' methods 
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15 Z5 lb 

PERCENT OF MOISTURE IN SOIL 


selected for hydrocyanic acid content. Strain i is a high hydrocyanic acid selec- 
tion which has growth characters and maturity similar to those of strains 19 and 
39 described above. Strain 15 is likewise a high hydrocyanic acid selection ^ but 
the leaves are not typical Dakota Amber leaves. They are broad, . thick, leathery 
in texture, and dark rich green in color. 

The injury applied to the strains was performed when the plants were at the 
nine-leaf stage. The manner of making the injury was as follows: A 2-ourice bal!- 
hamnier was raised approximately 9 inches above the point on the stem of the 


I . — Hydrocyanic acid content and average weekly growth of sorghum xdants 
from manured and unmatiured soil cultures at three moisture levels. 


.. FRANZKE AND HIJME' HCNXQNTENT OF SORGHUM, . 

plant to be iniured. The plant was held firmly, by. placing the hand on the opposite 
side at the point to be injured. The hammer was allowed to fall by its„own weight 
and strike the stern at the given point. Each plant subjected to injury was str^k 
eight times, first, on one side of the stem, then eight times on the opposite sicie 
Tlie method of sampling and handling of material for hydrocyanic acid and 
moisture determinations and reporting of results was made in the same manner 
as described above. 

1937 RESULTS . ' 

Only preliminary observations were obtained in 19371 since ^ a 
limited niim.ber of plants were available. The results are presented' in 

Table 2. 


Table 2. — Effect of mechanical injtiry upon hydrocyanic acid content in 
sorghum plants, 1937. 


St.T'ain 

No. 

Stage 

Num- 
ber of 
days 
from 
injury 

Plant characters 

Height, 

inches 

Hydro- 

cyanic 

acid, 

p.p.m. 

.19 

9 leaf 

Check 

Normal 

28 J 4 ' 

3.480 

19 

9 lea.f 

5 

Leaves rolled 

20 

2,970 

.19 

9 leaf 

Check 

Normal 


4,010 

1:9 

9 leaf 

4 

Leaves rolled and tip burning 

20K 

3,620 

,i 

Shooting 

Check 

Normal 

40 

3.320 

I 

9 leaf 

5 

Leaves rolled and badly tipburned 

22 

3,890 

I 

Shooting 

C.heck 

Normal 

42 

3.700 

I 

9 leaf 

6 

Leaves rolled and badly tipburned 

21 

4,240 

39 

.Heading 

Check 

Normal 

43 K* 

320'" 

39^' 

9 leaf 

10 

Leaves badly tipburned and new 






side growth i)4 in. 

28^ 

403,' 

39 

Fertilized 

C.heck' 

Normal 

49 

230 

39* 

9 leaf 

19 

Leaves badly tipburned and new 







side growth 5^^ in. 

29 

420 


-*=Side growth out from leaf and stem axile. 


_ In all of the injured plants, every injured point on the stem turned 
light green in color and dry in texture, while the leaves developed 
signs of tip-bum. This change on the stems was easy to detect on the 
day following the injury. 

Comparison of hydrocyanic acid in the leaf samples taken either 3 
or 4 days after injury showed that the content of hydrocyanic acid 
was greater in normal than in injured plants. After 4 days from 
injury, however, the hydrocyanic acid content of injured plants 
was higher than that of normal plants. 

^ Determinations were made of hydrocyanic acid in leaves of side 
branches. These side branches developed within a period of 10 days 
on injured plants of strain 39. The hydrocyanic acid content in the 
leaves of these side branches was 980 p.p.m., which is more than 
twice the amount found in the original leaves of the injured plants. 
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1939 RESULTS 

In 1939, two 4-Toci row plots of each strain of sorghum 19 and 15 
were planted in- the field. Before artificial injuries were applied, the 
plants in the rows were thinned in a manner to leave a selection of the 
most uniform in height and stage of growth. At the time of injury, 
the plants were all at the “nine-leaf stage”. Artificial injury was 
performed in 1939 with 'the 2-ounce ball hammer as described 
previously. , 

Leaf-rolling on injured plants occurred as in 1937 but was less 
noticeable in 1939. The injuries to the stems of plants at the points: 
struck by the hammer, however, were very pronounced. 

The content of hydrocyanic acid in strain 19 the first week after 
injury showed a greater increase than that for strain 15 (Fig. 2). 
After the first week, the injured plants of both strains had a higher 
content of hydrocyanic acid than the uninjured plants. 



JULY AU6 AUG ‘ AUG AUG AUG SEPT SEPT 
26 I 8 85 ZZ 5 13 

Fig. 2, — Content of hydrocyanic acid in mechanically injured and uninjured 
sorguhm plants of strains 19 and 15, 1939. 
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In strain 19, the mean content of hydrocyanic acid in the uninjured 
plants was 1,836 p.p.m.; in the mechanically injured plants jt was 

2,112 p.p.m. Strain 15 likewise showed a higher hydrocyaaic .acid 
content for the mechanically injured plants. The hydrocyanic^ acid 
content for the uninjured plants was 1,364 p.p.m. and for the injured 

plants 1,655 



Fig. 3. — Weekly growth in inches for mechanically injured and uninjured sorghum 
plants of strains 19 and 15, 1939. 


The difference between hydrocyanic acid in the injured and un- 
injured plants was almost negligible the first week after injury. 
Thereafter, the hydrocyanic acid content of the injured plants grew 
steadily greater in comparison with that of uninjured plants reaching 
a maximum difference on August 29 for strain 19 and on August 15 
for strain 15 (Fig. 2). This difference became less as the plants ap- 
proached maturit}^ on September 5. 

The weekly growth for the two strains, expressed as height in 
inches^, is shown in Fig. 3. The , continued lag in the rate of growth 
for injured plants was apparent throughout the sampling periods. 
Strain 19 showed a greater ..retarded growth following injury from 
July 25 to^August 8 than strain 15 {Fig. 3). After August 8, a fairly 
11.11 itorm difterence in height was maintained between injured and 
uniTijured plants; of both strains throughout the remainder of the 
sampling periods.' The. mean, height- for the uninjured plants of strain 
19 was 72.7 inches and for the injured plants 61.1 inches.. Strain' 15 
likewise showed a similar, difference in. the height of the uninjured 
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and injured plants, the mean heights being '57.9 and 51 ;2 inches, 
respectively. 

; Comparison of the heights of plants (Fig. 3) with the hydrocyanic 
acid content (Fig. 2) indicates that retarding the rate of growth by 
mechanical injury was accompanied by an increase in the hydrocyanic 
acid content. The maximum difference in the height of injured and 
uninjured plants occurred August 15 and , 2 2 for strains 15 and 19, 
respectively. 

It is apparent from' Fig. 4, that growth .stage was retarded In flie 
injured as compared with uninjured ■ plants. This comparative lag 



Fig. 4. — Mechanical injury and its effect upon growth development in sorghum 
plants of strains 19 and 15, 1939. 


in the stage of development for the injured plants continued through- 
out the season as long as samples were taken. Strain 15 showed no 
immediate effect from injury the first week thereafter. It became 
apparent the second week. Strain 19 showed immediate effect of 
injury to growth. 

SUMMARY AND CONCLUSIONS 

I..' The, application. of Stall manure to sorghum cultures grown on 
two soil types under greenhouse conditions resulted in a decreased 
hydrocyanic acid content as compared with unmaiiured cultures. 

2, Increase in soil moisture levels produced a decreased hydro- 
cyanic acid content in sorghum plants, 

3 . The greater decrease in the hydrocyanic acid content in sorghum 
plants occurred where the application of manure and increase in soil 
moisture levels were combined. 
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4. The application^ of .Stall' manure increase Jn soil moisto^^ 
levels produced an increase in growth of the sorghum plants. This, 
increased growth was always accompanied by a decrease in hydro- 
cyanic acid content. 

‘ 5. The maximum, reduction in the content of, hydrocyanic acid 
resulting from application of manure to the soil types as compared , 
with unmariured cultures occurred where the soil moisture level was 
the lowest (15%). , ^ ' - 

6. The slower rate of growth or a lag in plant development which ■ 
was caused by mechanical injury to sorghum plants was accompanied' 
f::)y an increase in hydrocyanic acid content as compared with un-; 
injured plants. 

’7. New growth which developed as side branches in the leaf axile 
on injured plants was found to contain more than , twice as much 
hydrocyanic acid as compared to the original leaves of the injured 

p,lai:its. 

8. Bhictors which favor normal growth in sorghum strains, such as 
soil type, application of stall manure, adequate moisture, and free- 
dom, from mechanical injury, resulted' in a lower hydrocyanic acid 
content in sorghum plants. Injured or stunted sorghum plants where 
growth had been retarded, maintained a higher level of hydrocyanic 
acid .for a longer period than plants where the growth was rapid .and 
norm,al. . 
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THE NATURE OF THE PHOSPHATES DISSOLYEH BY 
VARIOUS SOIL EXTRACTANTSV 

G. S. Fraps and J. F. Fudge^ 

S EVERAL different extractants and procedures have' been pro- 
posed for the estimation of easily soluble phosphoric acid in soils. 
The strength and nature of the extractant used, the period of extrac- 
tion, and the ratio of soil to extractant have differed widely. 

Peech and English (lo)^ have shown recently that the quantities 
of phosphoric acid dissolved from a number of New York soils by the 
acetic acid extractant proposed by Morgan (9) were much smaller 
than those dissolved by the 0.002 N sulfuric acid proposed by Truog 
(14). It was thought that a study of the solubility of different phos- 
phates and of phosphate fixation by the soil might furnish information 
concerning the nature of the phosphates dissolved from soils by 
different extractants. 

METHODS AND MATERIALS 

Extractants used included 0.2 N nitric acid (4, 5), 0.75 N hydrocliloric acid (13), 
0.002 N sulfuric acid buffered with 0.3% ammonium sulfate (12), and 0.52 N 
acetic acid in 10% sodium acetate (9, 10). The procedures proposed for the use of 
these extractants differed in a number of important respects, as shown in Table i. 
In addition to the procedures as proposed, 5-minute periods of extraction with 
0.2 N nitric acid and 0.75 N h3?'drochloric acid were used in some cases. In one 
procedure (A, Table i) using 0.2 N nitric acid (4), phosphoric acid was determined 
volumetrically. In all other procedures, phosphoric acid was determined colon- 
metrically by a modified Deniges method (4, 7), with use of a Klett-Summerson 
photoelectric colorimeter equipped with a No. 62 filter and a 20-mm or 40-mm 
cell. Shaking of the suspensions was done by hand for the i -minute and 5-minute 
periods, and by an end-over-end shaking machine for the 30-minute periods. 

The solubility of a number of phosphates in the various extractants was 
estimated with quantities of the phosphates calculated from their anabases to 
contain either 4 milligrams or 8 milligrams of total phosphoric acid (P2O5), 
and with volumes of the different extractants which would be used for 40 grams 
of soil. Phosphoric acid in the different phosphates was thus equivalent to 100 
p.p.m. or 200 p.p.m. on the soil basis. The easily soluble phosphoric acid in a 
number of soils was determined with the use of the procedures as proposed by the 


Table i. — Comparison of esse?ttial points in the various fjiethods. 



0.2 N nitric 
acid 

0.75 N 
.hydro- 
; chloric j 
, . acid i 

! ■ '■ ■ 

0,002 N 
sul- 
furic 
acid 

0.52 N 
acetic 
acid. 

A 

B 

pH, of extractant.’. . . . 

<i 

<i 

<l' 

3.0 

4.8 

Weight of soil used, grams. 

200 

10 

, 2.5 i 

2.0 

10 

:'yoluin,e. of 'extractant, cc. . . . . , , . . 

2,000 

100 

. 10 

200 

50 

Ratio of soil to solvent . . , . . , . . . . . . . 

10 

10 

, 4 

100 

5 

.Volume of N acid to 100 grams of soil 

200 

.200 

300 

40 

260 

Time of extraction, minutes. . , 

300 i 

30 '' 'i 

',"1 

,30. 

.30 


^Contribution from the Division of Chemistry, Texas Agricultural Experiment 
Station, College Station, Texas. Received for publication December i, 1944. 
^Chief and Chemist, respectively. 

**Figures in parenthesis refer to '‘Literature Cited’', p. 541:. 


, FRAPS AND FUDGE : NATURE OF' DISSOLVED PHOSPHATES 533 , 
different workers, except that the 0.75 ..N hydrochloric acid method was modified 

tcripve quantitative results with the use of 2..5 grams of soil 

SOLUBILITY OF PHOSPHATES 

■'Hydrated and anhydrous calcium phosphate, calcium hydroxy- 
phosphate, fused rock phosphate, and basic slag were almost . com- 
pletely soluble in all solvents used and the results were not tabulated. 
The solubility of a number of other phosphates is shown in Table 2 
for the amounts of the phosphates equivalent to 200 p.p.m. of total 
phosphoric' acid. Work was done with 100 p.p.m., but the results 
are not tabulated since they were practically the same as with 200 
p.p.m. Calined phosphate, “colloidar’ phosphate (also called waste- 
pund phosphate and, by the A.O.xA.C. definition, soft rock phos- 
filiah.e with colloidal clay), Tennessee brown rock phosphate (A), 
and another rock phosphate (B) of unknown origin were almost 
compktely soluble in 0.2 N nitric acid, 0.75 N hydrochloric acid and, 
with the exception of rock phosphate B (only 44% soluble), in 0.002 
.N sulfuric acid. Their solubility in acetic acid was much lower. 
Fliiorapatite was less soluble than other calcium phosphates with a 
5 -minute, extraction with 0.2 N nitric acid (63% soluble) or with a 
T -minute period of extraction with 0.75 N hydrochloric acid (54%), 
whereas it was completely soluble in 0.2 N nitric acid after a 30- 
minute extraction and 35% soluble in 0.75 N hydrochloric acid after a 
5-minute extraction. After a 30-minute extraction, only 25% of the 
phosphoric acid in fluorapatite w^'as soluble in 0.002 N sulfuric acid 
and only 3% in 0.52 N acetic acid. The phosphoric acid in the natural 
iron and ammonium phosphate had a low solubility in all extractants. 


Table 2. — Solubility of differ e?it phosphates in various extractants. 


Relative Availability to Plants (9)* 


Neul'jaiier experi- 
ments . . . 


*Calcitim mo.n,op,!iospliate taken to be 


1 ” 

88 I 

' I 

I : 


9 

■I - I 

■79 ■ 


18 

— 

10 


Extractant 

Period 
of ex- 
trac- 
tion, 
min- 
utes 

Cal- 

cined 

phos- 

phate 

Col- 

loidal 

phos- 

phate 

Rock 

phos- 

phate 

A 

Rock 

phos- 

phate 

B 

Fluor- 

apatite 

Nat- : 
ural Fc 
and A1 
phos- 
phate 

Total p,hosphoric 
acid, % 


26.73 

20.69 

33-86 

32.10 

■■ 

37.70 

42-34 

0.3 N nitric acid.. . . . 
0.2 N nitric acid. . . 
CL 7 5 X hydrochloric 
acid . . . . , ... ..... 
0.75 hydrochloric 
acid. ........... 

. 5 

30 

I 

. 5 

3D 
■30 , 

Percenta 
1 97 

I 95- 

; , 91 ■ 

95 

91 

60 

ge Disso 
9B 

S3 

86 

90 

88 

16 

Ived 

97 

100 

90 

95 

98 

8 

95 

90 

92 

95 

44 

3 

I 63 

100 

54 

85 

25 

■ 3' 

2 

3 . 

2 

3 

4 ■ 

I ' 

0.002 N sulfuric add 
0.52 X acetic acid . . . 


100. Soils with pH below 6.0, 
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The different kinds of phosphates are classified according' to their 
solubility as follows: 

I. Pure calcium phosphates, completely soluble in ail extractants 
used. 

'2. Iron and aluminum phosphates, ■practically insoluble in all 
extractants. 

3. Phosphates similar to rock phosphate completely soluble in 

0.2 N nitric acid and 0.75 N .hydrochloric acid, almost completely 
soluble in 0.002 N sulfuric acid, but only slightly soluble in 0.52 N 
acetic acid. ' 

4. Phosphates similar to fluorapatite completely soluble in 0.2 N 
nitric acid after 30 minutes and in'o.-75 N 'hydrochloric acid after 
5 minutes, but only partially soluble in these extractants with shorter 
periods of extraction, slightly soluble in 0.002 N sulfuric acid after 
30 minutes, and very slightly soluble in acetic acid. 

5. Phosphoric acid adsorbed by aluminosilicate clay minerals, such 
as bentonite and kaolinite. Burd. and Murphy (2) state that phos- 
phate is not displaced from the adsorbed condition by hydrochloric 
acid of any pH short of one which breaks down the aluminosilicates 
of the adsorbing complex. Such adsorbed phosphate may be released 
by citric acid or sodium hydroxide (2) or by ammonium fluoride (i). 

The quantities of phosphoric acid in the form of calcium phosphate 
in a soil should seldom be larger than the quantity dissolved by the 
acetic acid extractant. The quantity of phosphoric acid in fluophos- 
phates similar to rock phosphate and fluorapatite should seldom 
exceed the difference between that dissolved by the stronger solvents 
and, that dissolved by the acetic acid. The difference in the quanti- 
ties of phosphoric acid dissolved by these two solvents can be con- 
sidered to be due chiefly to calcium fluophosphates. 

EFFECT OF EXTRACTANT ON FIXATION OF PHOSPHORIC ACID 

The quantity of phosphoric acid in a soil extract is the net resultant 
of the solution of soil phosphates and the fixation of phosphoric acid 
from solution by other compounds in the soil (4). Differences in the 
phosphoric acid found in different extracts may be partly due to 
differences in the effect of different extractants upon fixation of the 
dissolved phosphoric acid. In order to test this point, six soils of high 
capacity to fix phosphoric acid were extracted with the ' different 
extractants to which had been added sodium phosphate , carrying 
phosphoric acid equivalent to' 100 p.p.m. of soil. A.fter extraction, the 
amount of phosphoric acid not fixed from the .additional phosphate 
was estimated by subtracting from the phosphoric acid found in the 
extract the .amount of phosphoric acid soluble in the .soil without 
the addition of phosphate. The results secured, given in Table 3, 
show that fixation from 0.52 N acetic acid was the same as from water, 
that fixation from 0.2 N nitric acid was the same as from water on 
three soils but considerably lower on three other soils, and that 
fixation from 0.75 N hydrochloric acid was much lower than from 
water. The differences in fixation would account for only a small 
part of the difference in the phosphoric acid dissolved from soils by 
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tlie acetic acid and by the 'Other, solvents. .Fixation 'from acetic acid 
w'cis iis.ixa,..lly greater thaii' from the other acids. 


Table ^.—Effect of different extrad^^ upon fixation of phosphoric acid by sotls. 


1 

i 

Soil, type 

Percentage of phosphoric acid fixed from 

Water 

0.2 N 
nitric 
acid 

0.75 N 

hydro- , ; 
, chloric 1 
acid I 

0.52 N 
acetic 
acid 

W'iL'ftn t'l.'iV Inrini 

54 1 

59 

ii 

64 

Cr(!t'ket1 fine saiidv loam . 

■ 6i ! 

40 

18 

59 

Nat Inches fine sandy loam. . 

70 

71 

25 

1 74 

Kirvin fine sandy loam 

1 73 

70 

26 

! 76. ' ' 

Charles clav 

91 

1 64 

17 

89 

Ch'iiner dav 

96 

78 

33 

96 


Ill Presence of Ferric Iron in Solution 


Nnec'es fine sand. 

10 

0 

— , 

2 

Refugio loa...mv fi.iie sand 

10 

5 ' 

— 

5 

Bowie fine sandv loam 

II 

4 1 

— 

5 

Miles fine sandy loam 

12 

■ 7 1 

— 

4 

Ed,ii.a fine sandv loam 

19 1 

II 

— 

■7 

Riiston fi.ne sandv loam ! 

26 ‘ 

I 

— 

8 


Peech and English (lo) state that one of the objectionable features 
of the mineral acid extractants is the unduly large amounts of dis- 
solved iron and, aluminum which majr cause partial precipitation 
of the dissolved phosphoric acid. The effect of soluble iron on phos- 
phate fixation was studied on six soils of low fixing capacity by adding 
to the extractant feme chloride solution carrying 0.002 gram of 
ferric oxide. On these soils, fixation from both nitric acid and acetic 
acid. was less than' from water. The additional iron was without effect' 
(Table 3). T,he filtrates from both extractions w'ere allowed to stand 
a week, with no evidence of any precipitation of iron phosphate. 
The soils listed in Table '3 were all low in capacity to neutralize acid. 
Appreciable amounts of free acid still remained ' in all extracts at- 
the end of the extraction. Some soils are so high in neutralizing 
capacity, or basicity , that little or no. free acid remains in the extract. 

All experiment was made in- which calcium carbonate equivalent 
to one and one-half times the acid was added to 100 cc of 0.2 N nitric 
acid containing i niiliigram of pho-sphoric acid in sodium phosphate. 
The mixture was stirred for 30 minutes and 95% of the phosphoric 
acid was precipitated. The remaining ' 5% was precipitated after 
standing overnight... Calcium, -iron, and aluminum phosphates are 
known to be quite insoluble at or slightly above the neutral point 
(12). When too much-of the acid in the' solvent is neutralized by the" 
soil phosphates otherwise, in solution may be precipitated. ' ■■ 

RELATION OF 'SOLUBILITY OF 'PHOSPHATES TO AVAILABILITY 

TO PLANTS 

^ Four ol the- phosphates used in this study had been used in coopera- 
tive experiments of .the Association of Official Agricultural Chemists 
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(ii) to determine their availability to plants on different soils. The 
average relative availabilities of the phosphoric acid, as compared 
with calcium monophosphate as loo, are shown in Table 2 (omitting 
tests by one collaborator which are out of line wdth the others). 

The solubilities of calcined phosphate in nitric, hydrochloric, and 
sulfuric acid are in good agreement with the availability of this 
material to plants. The solubility of the phosphoric acid in Tennessee 
rock phosphate ^ and fluophosphate in ail solvents except acetic 
acid was much higher than their availability to plants. The solubility 
in acetic acid was lower than the availability. The availability 
of the natural iron and aluminum phosphate was higher than its 
solubility in any of the extractants. This difference is probably 
due to slow hydrolysis of the phosphate in the soil over the longer 
experimental periods used for the plants. The solubility of all four of 
these phosphates was much lower in the acetic acid than their avail- 
ability to plants. The acetic acid failed to dissolve a considerable 
amount of phosphoric acid which would be available to plants. 

“Colloidar’ phosphate and rock phosphate B were more soluble 
in nitric, hydrochloric, and sulfuric acids than they were available to 
plants in pot experiments conducted by the authors. 

Hydrated and anhydrous calcium phosphate, calcium hydroxy- 
phosphate, fused rock phosphate, and basic slag, which were almost 
completely soluble in all extractants, were practically as available 
as water-soluble calcium monophosphate (12). 

Chemical solvents may distinguish between phosphates which have 
a high availability to plants and those which have a low availability, 
but they do not measure exactly the availability of the phosphoric 
acid in these minerals. The availability of the same phosphate to 
plants depends upon the kind of plant, the soil, and the conditions 
under w^hich the test is made, so that results secured wdth the same 
phosphates in different tests may differ considerably (ii). 

RELATIVE AMOUNTS OF PHOSPHORIC ACID EXTRACTED 
FROM vSOILS BY DIFFERENT SOLVENTS 

Soluble phosphoric acid in 34 surface soils of low basicity (equiva- 
lent to less than 2% calcium carbonate) was determined by the 
several methods, as shown in Table 4. Also showm in Table 4 are the 
weights of one crop of corn growm in pot experiments with and with- 
out the addition of phosphoric acid, and the amount of phOvSphoric 
acid in the corn crop from the unphosphated soil. The soils are ar- 
ranged in the order of the quantity of phosphoric acid in the corn crop. 
From most of the soils, the 0.2 N nitric acid, the 0.75 N hydrochloric 
acid, and the 0.002 N sulfuric acid dissolved practically the same 
quantities of phosphoric acid. The exceptions are so few that separate 
discussion of these solvents is not necessary. The soils are also divided 
into three groups according to the phosphoric acid removed by the 
corn.: The phosphoric; acid dissolved by the solvent, on an average, 
increased with the phosphoric acid removed by the corn. The differen- 
ces among soils are less striking with the acetic acid than with the 
other solvents- 
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The acetic acid dissolves much less phosphoric acid than the other 
solvents (6o% to 8o% for theaverages for the three groups) . Assum- 
ing that this solvent dissolved the calcium phosphate, while the other 
solvents dissolved the calcium phosphate and also calcium fluoro- 
phospliates, the three groups would average not more than 4, 9, and 
16 p.p.ni., respectively, of phosphoric acid in calcium phosphate and 
7. 13. and 63 p.p.m. in calcium fiuorophosphate. Small amounts of the 
solulile phosphoric acid are probably derived from the iron and 
aliiniintiin phosphates, but these phosphates are only slightly solu- 
ble. hi soils of high fixing power, some of the dissolved phosphoric 
ctsid is removed from solution by fixation. 

(fompaiisoii of the quantities of phosphoric acid dissolved by the 
wi'ak s^ihamts with those of total phosphoric acid shows that the 
part of the phosphorus in these soils is in the form of iron, 
aluminum, and organic and advSorbed phosphates. 

Coefficients of correlation (r) for the relation between the quantity 
phosphoric acid dissolved from the 34 soils by the different methods 
and the quantity of phosphoric acid removed from the soils in one 


crop of corn were as follow^s : 

r 

0.002 N sulfuric acid 838 .70 

0.2 N nitric acid (colorimetric) 819 .67 

0.2 N nitric acid (regular volumetric) .797 .64 

0.75 N hydrochloric acid (i min.) 699 .49 

0.52 N acetic acid-sodium acetate 580 .34 


The coefficients of correlation (r) are all highly significant, but 
that for the acetic acid extractant is significantly lower than for any 
other extractant. The proportion of variation in quantities of phos- 
phoric acid removed by the corn which can be attributed to con- 
current variations in soluble phosphoric acid was estimated by 
squaring the coeffi.cients of correlation (r^). This proportion amounted 
to about two-thirds for sulfuric acid and nitric acid extractants, 
about one-lialf for hydrochloric acid, and about one-third for acetic 
ai'id. The inclusion of phosphoric acid which was soluble in nitric 
or sulfuric acids but insoluble in acetic acid thus doubled the relation- 
lietween^ the phosphoric acid dissolved by the solvent and that xe- 
nioved from these soils by the com crop. This indicates that an 
extractant for phosphoric acid in soils should be such that it includes 
some estimation of ^ phosphoric acid obtainable by the plant from 
phosphates similar in character- to rock phosphate*^ and fiuorapatite. 

DISCUSSION 

Calcium, iron, aluminum phosphates, adsorbed phosphates, , and 
organic compounds of phosphorus comprise most, of the phosphates 
found ill soils. vSome may be within soil particles or schists ■ or - other ' 
iniiic-taJs and .so unavailable to plant 'roots. These phosphates, when 
pure, are soluble in 0.2 N nitric acid (4) and are highly available -to 
plants (8, ii). In soils, however, most calcium phosphates: are not 
pure,, but similar in character to rock phosphate^ or apatite, and iron 


Table - Phosphoric acid in various soils soluble in different extractants . 
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aiid altraiinum phosphates are usually hydrated compounds of low 
solubility and availability to plants. While vivianite (hydrated ferrous 
phosphate) is soluble in 0.2 N nitric acid (4) and 0.002 N sulfuric 
acid (14) , it is not likely to be present in well-aerated soils. Most of the 
iron phosphates in surface soils are probably similar to dufrenite, 
hydrated ferric phosphate (14), which is nearly insoluble in acid 
extractants (4, 12) and largely unavailable to plants (8). Since these 
natural iron and aluminum phosphates , are only slightly soluble in 
any of the extractants used, the difference in results secured with the 
acetic acid, as compared with the other extractants, is largely due 
to differences in their capacity to dissolve phosphoric acid from soil 
compounds similar to rock phosphate and apatite. 

None of the extractants give quantitative estimates of the quantity 
of phosphoric acid which is or may become available to plants. There 
may be a significant relation between the quantity dissolved by the 
extractants and the quantity taken up by plants, but this relation 
has to be determined for any particular group of soils by plant experi- 
ments. The relation may or may not be significant, and the degree 
of relation may vary widely with different groups of soils (6). Dilute 
acids do not remove all of the phosphoric acid which is readily taken 
up by plants. Plants may secure their phosphoric acid either directly 
or indirectly from soil materials insoluble in any of the extractants. 
Seventy Texas soils, which averaged 28 p.p.m. phosphoric acid soluble 
in 0.2 N nitric acid before growing crops in pot experiments, supplied 
an average of 23 p.p.m. to the plants and contained an average of 
31 p.p.m. after cropping (6). Extraction procedures which include 
in their estimate more of the soil compounds which may provide 
phosphoric acid to plants and which give results which show a sig- 
nificantly higher relation between solubility and availability to 
plants are obviously to be preferred to thovse procedures which do not 
do so. 

Solubility of the soil phosphates is only one of several factors 
which affect the capacity of the soils to supply phosphoric acid 
to plants (6). This capacity is only one of many factors which deter- 
mine the performance of a crop in the field or the response of a crop 
to phosphatic fertilization. 

It is unfortunate that any chemical method should be claimed 
to measure the available phosphoric acid in soils. The most that 
the chemical method can do is to ascertain the quantity of phos- 
phoric acid dissolved by the solvent used. From the chemical data, 
and from other data secured in appropriate and sufficient experimen- 
tation, certain conclusions may be drawn as to the ability of the soils 
to supply phosphoric acid to plants, but any claim that a chemical 
method measures the availability of phosphates in the soil is not 
mpported. by the facts, 

SUMMARY 

The solubility of several phosphates and of 34 soils of low basicity 
in 0.2 N nitric acid, 0.75 N hydrochloric acid, 0.002 N sulfuric acid, 
and 0.52 N acetic acid in 10% sodium acetate was determined. 
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Pure calciiim phosphates were completely soluble in all extractants. 
Rock phosphates were almost completely soluble in 0.75 N hydro- 
chloric acid and 0.2 N nitric acid, less soluble in 0.002 sulfuric 
acidj and practically insoluble in 0.52 N acetic acid. Apatite was- not 
completely soluble in the different extractants; the , solubility was 
influenced by the strength of the acid and the period of extraction. 
Tlie differences between acetic acid and the other solvents were 
probably due to the presence of calcium fluophosphates. 

Tlie quantity of phosphoric acid dissolved from the soils by 0.52 N ; 
acetic acid was from 20% to 40% of that dissolved by the mineral 
acid extractants. 

Fixation of dissolved phosphoric acid from the acetic acid was 
about tile same as from water, but was less from the other solvents. 

The mnount of phosphoric acid removed by corn from 34 soils 
was related to the phosphoric acid dissolved by the solvent. The 
correlation coefficients for the relation between the phosphoric acid 
removed by the crops and the phosphoric acid dissolved by the 
solvents were much larger for the mineral acids. Chemical methods 
determine the easily soluble phosphates but do not determine the 
availability of the soil phosphates. Any interpretation of the chemical 
data secured in term.s of availability should be aided by agronomic 
data. 
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^ DETERIORATION OF CLIPPED CAGED AREAS ' 
PERMANENT PASTURES^ : ^ 

B. A. B»rown AND R. L Munsell^ 

F or many obvious reasons, mechanical methods have :been sub- 
stituted for grazing animals in numerous experiments designed 
to measure the production of ' pastures. In spite of the recognized 
facts that animals, by selective grazing, may cause important botani- 
cal differences between grazed and mechanically harvested areas (9)'^ 
and that different kinds of vegetation do not affect animals alike (8), 
the results from mowed plots are now generally accepted as being 
closeh^ correlated with those obtained by actual grazing. Consider- 
able evidence in substantiation of this view has been published (i\ a, 
6 , 8 ). 

The purpose of this paper is to summarize the botanical and chemi- 
cal characteristics and the yields of the herbage clipped from caged 
areas in three differently fertilized, quantitatively grazed permanent 
pasture plots of the long-time grazing experiment at Storrs. 

EXPERIMENTAL 

Two series of eight cages each were distributed in each of three differently 
fertilized grazed plots. The first series of cages was placed in 1931 and was kept 
on the same spots until 1942, when this phase of the experiment w^as terminated. 
These will be designated as the fixed cages. The second series was placed on the 
pastures in 1932 and these cages were changed to different locations every spring, 
except 1942, before grazing began. They will be called the moved cages. A site 
which appeared representative of the local section of a plot was chosen for each 
cage. A fixed and a moved cage were placed within 30 feet of each other. 

The cages were 3 feet square and i foot high. They were made of soft wood 
frames covered with ordinary poultry wive fencing, i-inch mesh on the sides, 
2-inch mesh on the tops. The cages were wired to stakes driven in the ground to 
prevent them from being moved by the heifers which grazed the pastures. 

The pastures were grazed rotationally, a grazing period starting whenever 
the grasses were 4 to 5 inches high. Stocking was such that the pasturage was 
consumed in about two weeks. Before each period ended, the vegetation in the 
cages w'as cut i inch above the soil whth grass shears. The crop from each cage 
was placed in a paper bag, air-dried at room temperatures, and finally oven-dried 
to obtain yields of dry matter. The average number of cuttings per season for the 
differently fertilized plots were no treatment, 3.8; LPK, 4.3; LPKN, 4.8. 

in 6 of the 10 years, the herbage from one cutting of the eight replicate cages 
of a series was composited after oven-drying, sub-sampled, and analyzed for some 
of the common feed and fertilizer constituents. 

The areas occupied by grasses, weeds, and bare ground in each cage were 
estimated several times during the lO-year period. On plots receiving superphos- 
phate, the predominating grasses were Kentucky bluegrass, Poa pratensis L., 
and Rhode Island bent grass, Agrostis tenuis Sibth. Without superpliospliate, 
there was little bluegrass, but much poverty grass, Danthonia spicata (L.) Beauv. 

The caged areas were fertilized the same as the plots in which they w^ere located. 
Because of the numerous rocks on these pastures, fertilizers were applied by hand, 
the amount for each 1/20 acre being weighed separately and spread carefully on 
each section. The cages were on plots treated as follows: 

Plot 5, no fertilizer. 

Plot 8N, limestone, superphosphate and muriate of potash. The limestone was 

^Contribution from the Department of Agronomy, Storrs (Connecticut) 
Agricultural Experiment Station. Received for publication February 23, 1945. 
^Associate Agronomist and Assistant Agronomist, respectively. 

Tigures in parenthesis refer to ^‘Literature Cited”, p. 547. 
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added at i ton in '1924 and in- 1929, -'the superphosphate in amounts to 
provide P2O5 at 80 pounds, and the potash to furnish K2O at 50 pounds in 
1024,1929,19.32,19351^041938.'. ^ ^ 

Plot 6X, t.he same minerals as 8N plus .N at 56 pounds in April each year trom 


1929 to 1941, 


RESULTS 


BOTANICAL 

Only a few seasons diad passed before it was evident that a vegeta™ 
tiAX? deterioration had occurred in the fixed cages. The turf was thin- 
irr- anrl wcx ds were more plentiful than in the moved cages. This 
smteinent is supported by the data in Table i, which gives the per- 
OicnPii rs ( if crass and weeds in the two fertilized pastures, with cages, 
in rri52, }9,54. and 1941. (Similar data are not available for the iin- 
plot.) These data indicate a progressive decline in the turf. 

'pABij: 1.-- Comparison of grasses and weeds in *‘fixed^^ and '^^nioved^' cages 
o?i fertilized plots.* 


Percentage of area occupied byf 


Plot 1 Fertilization 
No. 1 

i 

GraSvSes 

Weeds 

,1932 

j ^934 

1941 

1932 

1934 

1941 



Fixed Cages 




8N 1 ■ ICCK 1 

71 

59 

44 

17 

22 

, 44 

6N 1 LPKN , ! 

84 

60 

58 

6 

15 

36 



Moved Cages 




8N ! ' LPK 1 

78 

76 

80 

8 1 

! ^ . 1 

' 12 ■ . 

l)X 1 LPKX : j 

82 

74 ■■■■ 

85 

7 1 

5 

10 


■nSifixflar dr'ita ru'C not available for the unfertilized plot. ' 

tVai-4e‘'4 j rc a re: ages of eight cages. ' . . 

A summary of the final readings made in June 1942 after the fixed 
cages bad Ijeen on the same spot for 1 1 years and the moved cages for 
,1 year are presented in Table 2. That summary illustrates the 
marked depredation of the continuously clipped areas. It shows, 
also, that the two plots fertilized with LPK or LPKN did not differ 
greatly either in the amounts of grasses, weeds, and bare ground or in 
the degree of deterioration in the fixed cages. Both had about two- 
thirds as much grass and over twice as many weeds in the fixed as 
in the Htoi'et/ cages. 

In the unfertilized plot, the vegetation in both sets of cages varied 
appreciably from similarly managed sets in the fertilized pastures. 
Inere was much less grass but a much smaller difference between 
the fixed and moved cages. In marked contrast to the grasses, the 
fixed cages m the unfertilized plot had fewer weeds than either the 
’Jioveo cages in the same plot or the fixed cages in the fertilized plots. 
I he reasons for these unexpected variations are not known, but it 
seems probable the continuous clipping killed some of the niunerouS 
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weeds and on this phosphorus-deficient soih grasses did not spread 
into the vacated space. 

Table 2 . — Final differences between and moved'' caged areas. 


Percentage area of occupied in June 1942 by'"*' 


■Plot 

No. 

Fertilization 

Grasses 

Weeds * ' 

Bare ground 

Fixed 

Moved 

Fixed 

Moved 

Fixed' 

Moved 

5 

None 

49 

58 

15 

24 

29 

I. I 

8N 

LPK 

47 

71 

38 

17 

8 

3 

6N 

LPKN 

51 

76 

33 

12 

9 

3 


‘^Values are averages of eight cages. 


The amount of bare ground was 29% of the area in the unfertilized 
fixed cages and that value is approximately three times that for the 
unfertilized moved cages and the fertilized fixed cages. In fact, bare 
ground was so prevalent in some of the fixed cages of the unfertilized 
plot that some erosion had occurred, something not at all evident on 
the grazed areas. 

The general situation in respect to the deterioration of the caged 
areas clipped for 1 1 years might be summarized by repeating a nota- 
tion made in 1941 to the effect that, “The areas in the fixed cages 
have many more weeds and thinner turf than any spots in their 
vicinity or even in the entire plot”. 

CHEMICAL ANALYSES 

A summary of the chemical analyses may be found in Table 3. 
In spite of the great botanical differences between the fixed and 
moved cages, the chemical analyses, excepting for K, do not differ 
much between the two sets of cages in any of the plots. This is prob- 
ably due to the immature stage at which all vegetation was cut. 

Table 3 . — Chemical analyses of clippings from ^ fixed" and "moved" cages. 


Percentage of dry matter"^ 


Plot 

No. 

Fertiliza- 
tion ■ 

Protein 

Fiber 

P 

Ca 

1 

. , K 

i 

Fixed 

Moved 

Fixed 

Moved 

Fixed 

Moved 

Fixed 

Moved 

Fixed 

Moved 

5 

None. 

13-9 

137 

25.1 

24.7 

0.19 

0.19 

0.69 

0.68. 

1.49 

171 

8N 

LPK 

17-3 

17.0 

21.8 

23.1 

0.36 

0.34 

0.82 

0.77 ; 

2.75 

2,32 

6N 

LPKN 

19.1 

18.9 

22.3 

23-3 

0.34 

0.33 

0.74 

0.66 

247 

2.42 


♦Values are averages of six years. (1932-36 pluS' 1938) for'protein, P,.an 4 Ga, and averages of 
three years ( 193 S. 1936 ,. and 1938) for. fiber and R,: Snperphosphate and, muriate of potash were 
applied m 1932, i935. and 1938* 
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In the uiifertilizeci and, LPK plots,.- the values for K do differ markedly 
but in opposite directions. In. the unfertilized plot, the vegetation, 
under tlicj fitov^d cages contained much more K than fhQ fix€d cages, 
wiiile the reverse w^as true of the LPK herbage. These results appear 
to be connected with the prevalence of weeds, viz., the more weeds 
in the cage of a given plot, the more K in the dry matter of the clip- 
pings. In' all cases, however, the fertilized herbage contained more K 
than the unfertilized. 

YIELDS 

The Yields of digestible nutrients as measured by grazing were 
criiciikiled by using feeding standards for growing heifers (2, 3). 
11'ie dry riialter from the clippings of both the fixed and moved cages 
was esliniated to be 72% digestible, as suggested by the several 
pasture coniniittees (7). The annual 3delds of total digestible nutrients 
from all. three methods, the yields of the moved cages as percentages 
of those of the fixed cages, and the grazed yields as percentages of 
those from, the fixed and moved cages have been brought together in 
Table 4. 

The outstanding features of the data in Table 4 are the consistently 
smaller yields of th,e fixed cages as compared to the moved ones of 
the same plot, the close relationships (r = 0.95 zt 0.009 and a. 93 zfc 
0.013 respectively) between yields as determined by grazing and 
those determined by clipping either the fixed or the moved caged 
areas, and the increasing differences in favor of the moved cages with 
decreasi,ng fertilization. As ' far as total yields, including weeds,, are 
concerned, there appears to have been no trend toward greater 
divergencies between the fixed and moved cages with the progress of 
time. 

DISCUSSION 

In comparison with the grazed parts of three variously fertilized 
permanent pastures, caged, areas, clipped with grass shears for ii 
years, showed very definite signs of deterioration. This was evidenced 
by much less grass, many more weeds, and consistently smaller yields 
of dry matter, including' weeds. The causes for these results have not 
been detemii'ned, but a few possible reasons are mentioned as follows: 

1. The clipping rem,oved all the vegetation at once, while probably 
this did not occur in grazing. The clipping also may have been some- 
what closer To the ground than the grazing. An argument against 
this suggestion is that in other experiments here, lawnmowing the 
same grasses when 3 inches to either or i inch above ground has 
not had such unfavorabie effects, even when all clippings were re- 
moved for several years.. 

2. The increasing differences between the yields of the fixed evnA 

moved cages with decreasing aciequacy of the added fertilizers indi- 
cates some benefit from the voidings of the animals to the unprotected 
area. However, this -would not explain the marked changes in grass 
and weed populations. ■ ; 

3 * more ele.ments. unfavorable to the grasses may .' have 

been dissolved from the poultry wire used to- cover.the' cages.' This ■ 
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was suggested the observation ' that under a temporary, poultry ; 
fencxa which occupied the site for only part' of one seasoHj thrifty 
1)kiegrriss died and was replaced by weeds. The fact that the grasses 
outside of the fixed cages and immediately contiguous to the wire 
\rerc very thrifty, appears to eliminate this point. ^ ^ : 

4. Perhaps the most commonly suggested' factor is that grazing 
animals prefer some species to others and consequently may over- 
graze or uiidcrgraze contiguous spots. This does not seem, to apply ; 
to the fertilised plots in this experiment because weeds were much 
rerre prevalent in the continuously mowed fixed cages where there was 

) selection. On the other hand, there were more weeds on the grazed 
lliaii on the mowed parts of the unfertilized plot, a result possibly 
(liiii to tJicir refusal by the animals, which, in this case, had access to 
rehilively poor pasturage and consequently may have selected only 
the best, 

5. Compaction of soil by animals has also been suggested as a ■ 
itiuse of differences between grazed and mowed areas. In this experi- 
raerit, the unfertilized pasture was exposed to the treading of much 
fewer anim,als than the fertilized plots. Since the physical properties 
of the soil from thQ fixed and moved cages were not studied, the authors 
have no data on which to base an opinion as to the importance of this 
factor. 

SUMMARY 

111 each of three differently fertilized, grazed pennanent pastures, 
caged, areas,, clipped with grass shears for ii years, had decidedly 
less grass, many more weeds, much more bare ground, and consistent- 
ly smaller yields, including the weeds, than nearby areas caged for 
only I year. Except for K, there were no important differences be- ■ 
tween the chemical analyses of the vegetation from the fixed and 
moved cages. 

, The io-3?'ear average difference in total yields between continuously' 
caged, clipped areas and those caged and clipped for only one season 
was greatest (61%) on the unfertilized pasture, medium (33%) under 
LPK fertilization, and least (i6%.) where, in , addition to 'LPK, a 
liberal amount of N was applied annually in April. 

For the differently, fertilized pastures, the average grazed yields 
varied drom 71 to 119% of the yields from the fixed cages and from 
58 to 74% of the yields from the moved cages. Although the yields of ' 
the fixed cages were closer to the grazed yields than those from the 
moved cages, the markedly greater prevalence of w’^eeds under con- 
tiniious clipping throws much doubt on the applicability of that 
method as a substitute for grazing in measuring the production of 
pastures. 
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INFLUENCE OF SPACING ON YIELD AND OTHER 
CHARACTERS IN SOYBEANS^ 

A. H. Probst^ 

M ANI:. vaiieties and vStxains of soybeans differing in numerous 
cliaracters frequently are tested together in rod-row nursery 
yieIrHriais. Altliougli much care may be taken to obtain comparable 
sianyis, tJicri. may be considerable variation in stand among different 
SI rams.^ « x cn'cii within strains in different replications. Published data 
nr? Uie infliienre of plant spacing on different varieties of soybeans in 
iiijjsery trials are very limited. 

To stuy iJie effects of plant spacing of soybeans on yield and 
se\-<;ral other characters commonly obtained in the evaluation of 
varieties, an experiment on spacing was carried out with four varieties 
ol soybeans at Lafayette, Ind., by the U. S. Regional Soybean 
Lalioratorr and the Purdue University Agricultural ExperhneS 
Station, cooperating. The work was conducted over the 4-year 
period from 1938 to 1941, inclusive. ^ ^ 

yVViggans^ found that the soybean plant has the ability to make 
vide adjustments to space and that optimum rates and spacings for 
so>1.eans_should be determined not only for the varioS soXam 
pioduuiig aieas but also for the varieties to be grown. 

MATERIAL AND METHODS 

expwLeit&delf ''^"eties were used in this 

varieties which arey apprlSrn^telv e.xpenment than the other 

adapted at Lafavette, Iiid ihini lod^creq varieties are well 

usually reconimended rates of SS at the 

a; -vest and the yield of indivilua^rep^irt^^^^^^^^^^ 

PI«lri«IS” “I of 

pP>- !'*epurtment of Agriculture and of 

01 Ai.ah.ama, Arkansas, Ploifda, Georgia Ilhnok^Tn A Stations 

uua. Michiv.n, Minmsota, MiSisinni 

_y.rth Dakota, Ohio, Oklahoma n r Carolina 

I «as, irginia, ,and Wisconsin. ’ Carolina, South Dakota, Tennessee’ 

WmoANlTcLThlffnfluXroff^^^^^^^ 

soyl.ean plants. Jour. Amer. Soc. Agi?n?, 
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or 25% to 50% of the plants down; 4, either all plants leaning considerably, or 
50% to 80% of the plants down; 5, all plants down badly. 

Height was determined as the average length of plants in a plot from the ground 
to the top extremity at the time of maturity. 

The number of days to mature was recorded as the number of days from plant- 
ing until the plants were sufficiently mature to combine satisfactorily. 

Seed size was determined by weighing i ,000 seeds from each plot of each variety 
and spacing. 

EXPERIMENTAL RESULTS 
YIELD ■ 

Yield data in bushels per acre are presented in Table i for each of 
the individual years and for the average of the 4 years. 

Maximum yields were most frequently obtained when the plants 
were spaced 2 or 3 inches apart. The difference in yield between the 2-” 
and 3“inch spacings was small. The i-inch spacing usually otityielded 
the 4- and 5-inch spacings, but exceptions to this were noted, parti- 
cularly in 1940 when both the 4- and 5-incli spacing equalled or ex- 
ceeded the I -inch spacing. In individual years, the varieties X spac- 
ings interaction was significant only in 1941, but this interaction 
was highly significant for the mean of the 4 years. 

Within varieties, ALandell yielded the highest and Illiiii the lowest 
with I -inch spacing over the 4-year period. Illiiii produced less with 
i-inch spacing than with 2- or 3-inch spacing in each year, but 
Mandell was more variable and yielded highest with 3-inch spacing 
in 2 of the 4 years. Much of the varieties X spacings interaction 
may be attributed to the reaction of these two varieties and may 
have been caused by differential lodging. Illini lodged the most and 
Mandell the least of the group of varieties with i-inch spacing. 

From these data it is evident that the varieties studied reacted 
differently to different spacings, but yields were not so different with 
either i-, 2-, or 3 -inch spacings that, on the basis of yield alone, 
superior varieties would not be readily detected with variable .stands 
with plants ranging from i to 3 inches apart for different varieties, 
or in different replications of the same variety. The small decreases in 
4~year average yields due to spacing plants' 4 or 5 inches apart in 
comparison to i, 2, or 3 inches apart, and the obtaining of equall}^ 
good or better yields on several occasions with the wider spacings, 
indicate that much variability may occur in stands and still permit 
finding the highest yielding varieties. The 4-year means likewise show 
that, with the exception of T-inch spacing, there is little change in 
3held rank of the varieties with any of the spacings. 

The results of the influence of spacing on lodging, height of plants, 
'maturity,., and .seed.size-for the 4-year period are reported in Table 2. 

■ ■ ■ LODG,ING 

Lodging is affected by numerous characters of the plant and 
environmental conditions. Lodging which does not exceed a score of 2 
by the system used in this study is not considered serious. 

The data show that varieties which may be classified as susceptible 
tojodging when the plants grow, close together may appear as 
being resistant to lodging when spaced farther apart. Lodging was 
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T,aim..e i --Influence, of spacing plants in the row on the yield in bushels per acre aj 
four imrietdes of soybeans grown at Lafayette, Ind., ipj8~4i, and the analysis of 

variance. 


V arieties 


Distance between plants 


i in. 


2 in. 

3 in- 

I 44 n. 

5 in. 


193S 


Mean 


riHd. ............. 

Mamlell 

fJinSiiC'ld 

yiiikdc-n. . . 

35-3 
36.1 
34-2 ' 
34-0 

40.6 

364 

37.7 

38.1 

40.8 

37-2 

36-4 

38.4 

35.1 
33.3 

32.1 
33-1 

33.3 

30.9 

31.6 

31.7 

37.0 
34.8 
344 

35.1 

Alean, 

34-9 

38.2 

38.2 

334 

31.9 


Significant dilfcrence, 3.5t 

mini... 

Man dell. 

Dtin field 

iMiiIcden. 

28.6 

36.0 

33.3 

31.0 

1939 

31.0 

324 

31.3 

31.3 

31-7 

32.6 

314 

28.9 

28.9 

31.5 

31.8 

27.8 

29.1 

29.9 

28.3 

27.5 

29.9 

32.5 

31.2 

29.3 

Mean. ......... 



C i « -C .... JL . 

32.2 

31-5 

31.2 

30,0 

28.7 



1940 


.......... 

MaiKiell 

1 31.7 

35.6 

25.2 

244 

29.9 

35.7 

26.4 

35-8 

35-8 

34-9 

Dtmfield 

1 2^./ 

' ^4 6 

24.5 

264 

28.3 1 

24.9 

24.9 

Mukden ....... i 

28.5 

26.8 

29.5 

25.2 

25-5 


28.8 

29.0 

Mean ......... 

27.1 

28.8 

29.6 

28.8 

28.7 

-fa. 


Significant difference, 2. it ' 




1941 


Iliiiii ....... 


36.6 

3d.3 

30.6 

30.6 


Mandell 

j 

32.2 

Wtmfi.iW 


33-3 

31-5 

28.7 

Afiikdcii . . . . , . ; 


28.1 

Mean. j 

1 -fa 0 • 

30.9 

304 : 

33.0 

31.3 

.'^2.2 

27.1 

2Q.O 


difference, 3. if 


*\laiic1eli. 
DuniieM . 
AInkderi . 


4 years, 1938-41 


31. 1 
27.5 

27.1 

27.2 


28.2 


A lean. 


Significant difference, i..5f 
iliglil}" significant difference, 2. 


33-6 

29.1 

28.8 


31.8 

32.7 

30.1 

30.4 

35*9 

31.8 

31.2 

324 

36.1 

31.7 

31*3 

32.0 

33.0 
29-5 
29.6 

29.1 

1 32.3 

28.6 
28.0 
' 28.8 

33.8 

30.9 
30.0 

30.5, 

■ 

32.8 

32.8 

30.3 

294 
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Analysis of Variance of Yields, 1938-41 


Source of variation 

Degrees of freedom 

Mean squares 

Years 

3 

654.62* 

Varieties 

3 

234.66 

Varieties X vears 

9 

116.59** 

Error (a). . . 

24 

11.26 

Spacings 

4 

145.81** 

Spacings X years 

12 

27.90** 

Spacings X varieties. ....... 

12 

14.07** 

Spacings X varieties X years 

36 

'■ 3-55 

Error (b) . . . , 

192 

4.66 


^Significant. significant. 

fBushels necessary for significance between spacings within varieties. 
jBushels necessary for high significance between spacings within varieties. 

Table 2.— Four-year summary^ jqj 8 ~ 4 I, of the influence of spacing soybean plants 
in the row on lodging, height, maturity, and seed size of four varieties of soybeans 
grown at Lafayette, Jnd. 


Distance 
between plants, 
inches 

Lodging* 

Plant 

height, 

inches 

Days to 
maturet 

1,000 seed 
weight, grams 

I 

2.6 

mini 

43 

135 

150 , 

2 

2.0 

42 

131 

146 

3 

1.2 

42 

131 

145 

4 

1.2 

43 

130 

144 

5 

1. 1 

41 

130 

144 

I 

1.9 

Mandell 

39 

134 

160 

2 

1.4 

39 

132 

157 

3 i 

1. 1 

38 

131 

156 

4 i 

1.2 1 

38 

1 31 

160 

5 

1.3 1 

38 

131 

159 

I 

2.4 

Dunfield 

36 

136 

165 

2 

1.7 

37 

133 

166 

3 

L5 

3 d 

132 

161 

■ 4 

1.7 

36 

131 

162 

5 

1.6 

36 

131 

162 

I ' ' 

2.1 

Mukden 

39 

■130 

154 

2 

1.2 

40 

127 

149 

" . 3 ■ 

1. 1 ■ 

39 

126 

151 

4 

1. 1 

39 

126 

152, 

5 

i.i 

39 

126 

148 


Mean of All Varieties 


' .1 . 

2.2, .. 

39 

134 

157 

2 

1.6 

39 

■ 131 .. 

154 

3 

1.2' . 

39 

130 

^53 

4 

1-3 

39 

130 ; 

154 

5 

L3 

38 

130 : 

153 


-‘‘Explanatioii of lodging values are given under materials and methods. 
fThree-year data, 1938-40. inclusive. 
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most severe with i-inch spacing and almost absent in the ^3-, 4 “. a-nd 
spacings, except with Dunfield. It is evident that in order to 
o!3taiii (.'omparable lodging ratings of different varieties, stands, should 
be similar, or at least comparisons should not be made between thick 
stands and thin stands. Lodging resistance in varieties may be more, 
readily detected under conditions of thick stands than with thin 
stands. 

HEIGHT OF PLANTS 

\hirying the distance between the soybean plants had little in- 
Ihitnicc height of the plants of any variety in this experiment, 

'file lentleiiey, however, was for plants spaced 5 inches apart to grow 
siigl'itly shorter than when spaced closer together. 

MATURITY 

Spacing plants 2 to 5 inches apart hastened maturity in comparison 
with i-inch spacing in each variety each year. The varieties averaged 
from 2 to 4 days earlier for spacings 2 to 5 inches apart in comparison 

with the I -inch spacing. 

These data show that, as with lodging, maturity data may not be 
comparable in variety trials if comparisons are made between thick 
stands and thin stands. An example of this difference is a comparison 
of the maturity of Mukden spaced i inch apart and Illini spaced 2,3, 
4, or 5 inches ap.art, in which case Illini and Mukden have approxi- 
.niately the same maturity , but hy comparing the 2-, 3-, 4-, and 5-inch 
spacings of Mukden with the i-inch spacing of Illini, Illini was 9 
days later than Mukden in maturity. With equal stands Illini was 
about s days later than Mukden. 

SEED SIZE 

Spacing had little effect on the size of seed in the varieties studied. 
In most (‘ases seed was slightly heavier when the plants were spaced 
1 iiK'li apart than when spaced under apart, but this difference was 
not. significant for the mean of the 4 years, and there was not a signifi- 
caul varieties X spacings interaction. Variation in size of seed was 
trial iy timers greater within varieties in different years than between 
spac a ngs within varieties. 

vSUMMARY 

kMlging, height of plant, maturity, and seed size dataware 
report cvl ior four varieties of soybeans with plants spaced i, 2, 3, 4, 
and 5 inches apart in nursery rows during the 4-year period 1038-41’ 

inclusive. ' ' 

^ The soybean varieties grown, in ' this study differed somewhat' in 
yield response when the plants were spaced i, 2, 3, 4, and 5 inches 
apuitvm;rows 30 inches apart. The varieties X spacings interaction 
was: signri-icant in one of the 4 years.and was highly significant for the 

mean 01 me 4 years. 

The. least difference in yield, and usually - the highest yield, was 
oblaiiied^when the plants were^ spaced 2 or 3 inches apart. 

\ aiiatams in stand mth plants- from i to 3 inches apart in the row 
and oc‘(‘asional gaps of 4 or 5 inches' between- plants of an, , otherwise 
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varieties from expressing 
' basis of yield m vanetal trials. ' ^ 


IlFLUEHCE OF PHOSPHORUS DEFICIEICY OF THE , , 
SOIL 01 THE PROTEIl CONTENT OF ALFALFA^ 

F. J. Alway and G. H. Nesom^ 

T JiE of phosphate fertilization on the protein content of 

legimie ha.vs appears not yet satisfactorily established although 
we ha\'e ftnincf data bearing upon the subject in some 20 papers, the 
from New Jersey in 1914 and the latest from Indiana in 1944. 
Eleven ♦ sf these studies deal wholly or in part with alfalfa. The results 
re]:)eritei ere convicting, but on the whole, tend to support the 
dSMiiiipfinfi that usually where a phosphate fertilizer markedly 
iikTirisc‘.s t be yield of a legume it raises the protein content of the hay. 
A thoruiigh study of the subject is desirable, especially in the case 
of alfalfa,” t.he most important hay crop of this country, in 1942 it 
ocxupyiiig over 15 million acres. The present paper has been sug- 
gested by the analysis of pairs of samples of hay from 52 fields of 
alfalfa in western Minnesota, on nearly all of which phosphates 
caused marked increases in both yield and phosphorus content. 

REVIEW OF LITERATURE 

Tables i and 2 give a summary of the results of previous studies, 
insr)far as they pertain to the present question. Most of them report 
the percentage of nitrogen or crude protein in samples from plots 
or pots given phosphate alone as well as from those left untreated.. 
Where iTcatment with phosphate alone has not been reported, we 
have deduced the effect of this nutrient from a comparison of a KP 
mdtli a K or of an NP with an N fertilization. Experiments in which, 
lime was used along with phosphate have been omitted from the tables 
because it is generally recognized that where liming favors the growth 
of a legume it commonly increases the protein content. Information 
as to the effect of the fertilizer on. yield is all im.portant, but in 6 
of tik? papers the relative yields are not indicated, in 3 there was no 
(Vm-hwt effect, in 4 the increase was slight to distinct, in 3 moderate, 
and it] 1 1 niarked. In. 8 of the ii studies in which alfalfa was used 
pliospliate caused a distinct to moderate increase in yield, but in only 
-I t)f ihesx' was there a distinct nitrogen increase. In the 16 experi- 
iTieiits which other legumes, were employed, 7 showed a marked 
increase in nitrogen as well as in. yield. Thus, in ii of the, is.experi- 
meiils on soils evidently phosphate-deficient, the increase in yield 
was acconij)anied by an increase. in protein content. 

In addition to the papers just referred to'. there' is a recent extensive 
study by Lucas, Scarseth,. and; Seiling ' (17),^.. in which alfalfa, red 
c]()Vt‘r, alsike clover, soybeans, and: .lespedeza were variously fer- 
lih'zind and the nitrogen content of. the hay determined, but in which ■ 
|.)iv ispliate was not used alone.: In addition to the control plots, there 

'Cnnirieiuirm from the Division' of ’Soils,- University of -Minnesota,: St. 'Pa'xil, . 
Umc i .]‘er \o, .217, Scientific Journal Serie.s, Minnesota Agricultural Experi- 
cienj oiiipon, Kcceived for publication March 12, 1945. 

anti Assistant So.i-Is Chemist,. respectively. 

•h.pcws in prircri thesis refer to ^'Literature Cited”, p. 567. 
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Table i. Effect o f pliosphate- fertilization on the nitrogen content of alfalfa. 
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were only those receiving N-P-K, lime with N-P~K, lime and mantire 
with N-P-K, and crop residue with N-P-K. Comparison of the five 
legume hays from the treated plots with those from the controls shows 
no consistent increase or decrease in nitrogen. 

THE SAMPLES ANALYZED 

None of the 6i pairs of alfalfa samples was collected for nitrogen 
analysis. Fifty of them were intended for only phosphorus determina- 
tions and the i i others were brought to the laborator}^ simply to be 
photographed. The purpose of -all was to aid in agricultural extension 
activities and not to provide material for a scientific study. All had 
been reduced to a powder and the phosphorus analyses made before 
the question of their protein content was raised. 

In a Tennessee Valley Authority' demonstration project in western 
Minnesota 62% calcium metaphosphate vras applied in the spring of 
1940, at the rate of 100 to 130 pounds per acre, on more thaii'joo fields 
of alfalfa in as many different townships, distributed among 16 coun- 
ties. Roseau County, the most northerly, is adjacent to the Manitoba 
boundary, while Nobles, Jackson, and Martin counties touch the 
Iowa line, about 400 miles to the south. To demonstrate the value 
of the fertilizer at least a fifth of every field was left untreated, 
usually at one side of the field. The yields were determined by the 
square yard method (6) on as many of the fields as was feasible with 
the limited field force. 

As previously reported (5), the results in the first season were dis- 
appointing, but in 1941, when 19 1 fields were sampled for yield, the 
generally beneficial effect of the metaphosphate was equal to that of 
superphosphate, which had been well established by many field trials 
during the preceding 20 years. On some of the fields the yields were 
determined for only .one cutting, on many foi* two cuttings, but on 
only a few for three, as in only the more southerly comities is it the 
practice to mow alfalfa more than twice in the same season. 

From 31 of the fields, selected from among those showing the most 
benefit of the fertilizer, 40 pairs of samples were collected for P2O5 
determinations, 6 from the first cutting, 29 from the second and 5 
from the third (Thble 3). The samples for yield, as well as those for 
analysis, collected on the same day, were taken as nearly as feasible 
shortly before the cooperator planned to mow the field. The stage of 
development of the alfalfa on the main part of the field, the fer- 
tilized portion, varied, but usually., was not earlier than half bloom. 
Each sample for analysis was a composite of 10 or 12 small handfuls 
of plants, from as many representative sites, cut an inch or two above 
the surface of the ground. These were hung up in a well-ventilated 
building until air dry, then wrapped separately, brought to the 
laboratory, oven-dried, and before analysis reduced to a powder in a 
hammermill. The weight of each air-dry sample generally was be- 
tween 150 and 250 grams. For yield determinations the alfalfa was 
cut from six well-separated i-yard quadrats on representative sites 
and allowed to become air dry before being weighed. 

In part of the counties involved a phosphorus-deficiency ‘disease’’,, 
occurring in scattered areas, has been found due to a low phosphorus 
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content of the hays and pastures (3, page' 732 ; 11). While it was 
generally recognized that superphosphate fertilization increased the 
phosphate content of the hay, the cooperatorS' were anxious to learn 


Table 3 . — Faffed of calcium metaphosphate upon composition and yield of alfalfa in 
Minnesoisin igfi, with samples from the three cuttings arranged in descending 
order of increase in nitrogen content. 


Nitro- 

Nitro- 

P205 

Reia- 

Yield 

Rela- 

gen in- ^ 

gen con- 

content 

tive 

without 

tive 

crease 

tent 

without 

P2O5 

phos- 

yield 

with 

without 

phos- 

content 

phate, 

with 

phos- 

phos- 

phate, 

with 

tons 

phos- 

phate, 

erf 

/o 

phs.’tGj 

% 

% 

phos- 

phate"*' 


phate’*' 


First Cutting 


Mahnomen 

J.A. 

o.'i9 

3-04 

0.36 

125 

1.05 

142 

Mahnomen, 

A.M.G. 

0.08 

3-13 

0.52 

100 

0.93 

139 

Watonwan 

W.L. 

O.OI 

2.95 

0,49 

no 

0.85 

156 

Martin 

T.N. I 

- 0.02 

2.63 

0.38 

136 

0.93 

190 

Jai'kson 

A.H. 


3.01 

0.32 

141 

0.67 

240 

Stevens 

H.P.B. 

-0.17 

3.38 

0.61 

no 

1.05 

iTi 

A\'crage 


' 0.00 

3,02 

0.45 

120 

0.91 

163 


Second Cutting 


Martin 

Stevens 

iT‘llow 

Medicine 
Pennington 
Nobles 
Watonwan 
'Roseau 
Stevens 
lack sou 
Marshall 
Nlaiiiii 
Pennington 
Pf)lk 
Brown 
Browni 
M artiii 
kfahnoiTien 
Watonwan 
Roseau 
.l\Iabnoiiien 
Jackson 
Stevens 
Pennington 
Martin { 

Pennington j 
Watonwan I 
Watonwan ! 
Marshall ; 

Kandiyohi ! 

Average ' 


F.L.B. 

H.P.B. 

F. B. 

G. O. 
R.S. 

P.F.Z. 

G.B. 

W.L.D. 

N.H.H. 

G. A.S. i 

A. G.B. 

h:h. 

B. T. 
mkD. 
A.G. 
K.O. 
W.S. 
W.L. ■ 
E.G.M. 
E.K. 

A. H. ' 

E.wS. - 

H. C.F. 
T,N. 

iR.K, 

I A.G. 

!e.R. ■. 

I B.P. 

B. S. 


2.73 

0.36 

175 

0.40 

262 

2.95 

0.45 

124 

1.05 

III 

3-01 

0.38 

131 

0.44 

202 

3.18 

0.41 

154 

1. 01 

^59 

3-32 

0.44 

136 

0.77 

141 

2.80 

0.49 

155 

0.52 

202 

2.96 

0.28 

143 

0-73 

172- 

2.72 

0.36 

136 

0.80 

140 

3.07 

0.47 

162 

0,64 

202 

2.97 

0,30 

120 

0.77 

147 

3.01 

0.52 

106 

145 

106 

2.94 

0.51 

118 

^*37 

129 

2.98 

0.30 

140 

1.21 

' 126 

3.14 ! 

0.37 

II9 

0.80 

202 

3-01 

0.36 

164 

0.64 

189 

3.01 

0.31 

158 

0.56 

288 

3-23 

0.48 

1 14 

0*73 

■182 

3-11 

0.40 

125 

0.48 

260, 

3-19 

0-37 

1 19 

' 0.64 

15 

3.27 

045 

120 

0.54 

204 

3.40 

0.41 

151 

0.68 

181 

2.88 

0.45 

120 

U 37 

n8,„ 

2,67 

0-65 

105 

1.37 

■ 117 

3*30 

0.47 

138 

0.69 

169 

319 

045 

104 

0.52 

. 186 

3.21 

0.49 

124 

0.81 

144 

2.70 

0.26 

214. 

■ 1*13 

^:,"TI4 

3.26 

0.57 

no 

. 0.64 ' 

V, 176': 

3.38 

0.44 

125 

' 0.73, , 

.. Ill 

3-05 

0.42 

: 135 ' 

0.81 

169; ■; 
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Table 3. — Concluded. 




Nitro- 

Nitro- 

1 

P2O5 

content 

without 

phos- 

phate, 

Rela- i 




gen in- 

gen con- 

tive 

Yield 

County , 

1 

Coop- 

erator 

crease 

with 

phos- 

phate, 

tent 

without 

phos- 

phate, 

P2O5 

content 

ivith 

phos- 

without 

phos- 

phate, 

tons 



% 

% 

/c 

phate* 



Rela- 

tive 

yield 

with 

phos- 

phate* 


Third Cutting 


Martin 

F.L.B. 

0.36 

2.83 

0.34 

144 

0.36 

314. .■ 

'Watonwan 

P.F.Z. 

0.33 

2.61 

0.35 

I5I 

0.44 

266 

Martin 

T.N. 

0.18 

2.94 

0.38 

132 

0-57 

217 

Jackson 

N.H.H. 

O.IO 

2.84 

0.49 

106 

0.49 

137 

Jackson 

A.H. 

0.08 

3.11 

0.36 

I3I 

0.48 

210 

Average . 


0.21 

2.87 

p 

00 

133 

0.47 

229 


All Three Cuttings, 40 Comparisons 

Average 1 i 0.12 i 3.02 1 0.42 i 132 ! 0.78 i 176 

Averages According to Increase in Nitrogen Content 


7 pairs, 0.79 to 0.35% 

0.50 

2.97 1 

0.41 

147 

0.65 

199 

7 pairs, 0.33 to 0.22% 

0.29 

2.90 1 

0.40 

134 

0.89 

166 

15 pairs, 0.19 to 0.01% 

0.10 

3-09 

0.40 

128 

0.71 

186 

8 pairs, ~0.02 to 

-0.17% 

-0.07 

3-03 

0.48 

122 

0-93 

159 

3 pairs, -0.29 to 

-0.93% i 

-0.55 

3.11 

0.42 

150 ' 

0,83 

134 


^^PsOs content and yield without phosphate == 100. 


just liow much the increase amounted to on their own fields. After 
the results were reported the question was raised as to a possible 
increase in the protein content. As the samples had already been 
pulverized it was not possible to detennine the proportion of stems, 
as would have been desirable because of its great influence on the 
protein content of the hay. 

In an Agricultural Adjustment Administration program in the same 
part of the state as the T.V.A, demonstration project, a large number 
of fields of alfalfa were fertilized with superphosphate in the spring of 
1941, using either 100 pounds of the 44% product or an equivalent 
amount of the 20% form, leaving a part of each field untreated. From 
10 of the fields showing the most marked benefit pairs of samples for 
analysis w'ere collected in the same way as in the T.V.A. project 
(Table 4). Data on the yields are not available, but at the time of col- 
lection it was estimated by the county agricultural agents that on each 
of these fields the fertilized part yielded at least twice as heavily as 
the unfertilized. 

In May 1936 applications of 44% superphosphate and of gypsum, 
but not of the two together, were made on i /40-acre plots on upwards 
of 50 fields in Roseau County, a county which later was included in: 
the T.V.A, project. The phosphate was used at 200 pounds per acre 
and the gypsum at 400 pounds. The gypsum-treated plots showed 
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Table 4 .— of superphosphate upon composition of alfalfa in. 
Minnesota in ig4^ . 


Comity 

Coop- 

erator 

Nitrogen 
increase 
with phos- 
phate, 

% 

Nitrogen 

content 

without 

phosphate, 

% 

P2O5 

content 

without 

phosphate, 

% 

Relative 
P,206 con- 
tent with 
phosphate* 



First Cutting 



Ottertail. .... 

C.F. 

0.41 

2.83 

0.38 

195 

fltlcrttiil 

J.W.R. 

0.23 

2.70 

0.72 

115 



Second Cutting 



Marlin 

: J.W. 

0.73 

2.30 

0.38 

J 35 

\ oHmw Medioini . . 

A.S.B. 

0.54 

2.79 

0.38 

171 

Sib 1 e\'. . 

G. 

0.27 

2.91 

0.47 

145 

Brown. . 

E.W. 

0.12 

3.20 

0.50 

136 

Swift. ........... 

H.S. 

o.ri 

2.87 

0.32 1 

134 



Third Cutting 



Redwood : 

M.S. 

0.31 

2.6r 

0.43 1 

135 

Brf »wn ^ 

E.W. 

0.26 

3.26 

0-35 

. 163 

BL stone 

A.Z.' 

0.00 

3.34 

0.36 

III 

A\’ enure 


0.30 

2.88 

0.43 

144 


*PaiOs content without phosphate = 100. 

110 iii:iprov€^meiit in either the first or the second season and their 
3?'ields were not determined. The phosphate showed little effect in 
1936, ,a very dry season, but in 1937 gave a much heavier . growth 
on nearly all the fields. From each of 1 1 of the fields a pair of samples 
was collected for photographs, each from a representative square 
yard. The increase in yield on the ii fields varied from„23 to '140%. 
with an average of 93% (Table 5). Later, in a sulfur investigation, 
the samples were analyzed for nitrogen and sulfur but not for phos- 
plioras. 

EXPERIMENTAL RESULTS 

I n each of the three groups of fields the yields were greatly increased 
by the phosphates, with metaphosphate the increase' averaging about 
75^;t and with the superphosphates even higher. In about half of the' 
61 comparisons the increase amounted to at least 100%'. Fields so 
markedly phosphorus-deficient might be expected to reveal any 
influence that phosphates may exert on the protein content. 

The effect of the fertilizer 'was less marked on the P2O5 content 
tlimi on the yield, but in only i , of the 50 comparisons in which the 
•P2O5 was determined was no. increase found. With the calcium meta- 
phosphate it averaged 32% and with the superphosphate 44%. 

On the nitrogen content, of the hay the effect of the fertilizer was 
less consistent than on the yield and the PgOs content. Where super- 
phosphate veas used the 'increase, in nitrogen averaged 0:17% for the 
II fields in 1937 and 0.30%- for the 10 comparisons in 1941. On one 
liekl a decrease of ,0.04% was found, on another no , difference, while 
on the 19 others the increase ranged- from 0.04 to , 0.73%. In the 40 
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Table 5. — Effect of superphosphate upon nitrogen content and yield of first cutting 
of alfalfa in Roseau County in 1937 ^ with samples arranged in descending order 
of increase in nitrogen content. 


Cooperator 

Nitrogen 

increase 

with 

phosphate, 

%. 

Nitrogen 

content 

without 

phosphate, 

1 ■%. 

Yield 

without 

phosphate, 

tons 

Relative 

1 yield with 

1 phosphate'*' 

o.w 

0.49 

2.17 

1.43 

196. 

J.B.— I 

0.30 

2.24 ! 

1 .00 

213 ; 

E.H 

0,25 

2,65 

0.85 

208 

A.B 

i 0.20 

2.77 

1.08 

200 

A.M 

0-20 

2.74 

1 .72 

123 

i 

0.18 

2.32 

0.68 

251 

A.A 

O.II 

2.75 

1.13 

127 

M.D 

0.07 

2.48 

147 

130 

P.R 

0.06 

2.64 

0.99 1 

217 

E.B 

0.04 

2.66 

0.83 

240 

B.Y 

--O.O4 

2.84 

1 .00 

220 

Average. . . . 

0.17 

2.66 

1.09 

1 193 


*Yield without phosphate = 100. 


comparisons from fields given metaphosphate the increase in nitrogen 
averaged 0.12%, but when the individual pairs of samples are con- 
sidered the differences in nitrogen appear only indistinctly related 
to the differences in yield, and unrelated to the increases in PaOg. 
An increase was shown in 29 comparisons, with an average of 0.24%, 
but a decrease in 1 1, with an average of 0.20%, Samples were collected 
from two or more cuttings on seven of the fields given metaphosphate 
and on one (E.W.) given superphosphate. The differences in nitrogen 
in successive crops on these fields show no distinct relation to the 
differences in yield (Table 6). 


Table 6. — Effect of phosphates in 1941 on two or three successive cuttings of 
alfalfa on the same field.^ 


Coop- 

erator 

Relative yield with Pf 

Relative P2O5 content 
with Pf 

N increase with P 

First 

Second 

Third 

First 

Second 

Third 

First 

Second 

Third 


cut- 

cut- 

cut- 

cut- 

cut- 

cut- 

cut- 

cut- 

cut- 


ting ■ 

ting 

ting 

ting 

ting 

ting 

ting% 

ting, % 

ting,% 

A.H 

240 . 

I8I 

210 

141 

151 

131 

-O.IO 

0.03 

- 0.08 

T.N 

■ 190 ■ 

169 

217 

136 

138 

132 : 

“0,02 

“0.,04 

0.18 

H.P.B, . . . 

100 

III 

— 

iro 

124 

— 

--O.I7 

0.59 

— 

W.L 

156 

260 

, 

no 

125 

— 

O.OI 

0.04 



N.H.H... 

; 

^ 137 

106 

— 

106 

106 

— , 

0.30 

0,10 


— 

, 262 ■ 

314 

— 

175 

E 44 

; ; 

0.79 

0.36 

P.P.Z 

— 

■ 202 

266 

— 

153 

151 

— 

0-35 

0.33 

E.W.,... 

— 

— 

— 

— , 

136 

163 


0.12 

0.26 


'^'Data from Tables 3 and 4, 

tYield and PaOs content on unfertilized part of field == 100. 
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The data from the '52 .fields, considered as a whole,, iadicate,,that 
in general the phosphate fertilization- caused an ■ appreciable incre,ase 
ill the nitrogen content, the average for the 61 comparisons amount- 
ing to or 1.00% of crude protein. Such a difference should 

have been found if the analyses had been limited to two composite 
samples, each prepared by combining equal weights of the 61 indi- 
vidtial samples. As the individual samples averaged about 200 grams 
of dry iiiat.ter, each of these two would have represented about 30 
pounds air-dry hay brought to the laboratory. Although in 1 2 com- 
|)arisoiis the sample from the fertilized part of the field showed less 
liilrugen than that from the unfertilized, in only 4 of these was- the ' 
(liffiTcnee greater than 0.12%, viz., 0.17, 0.29, 0.42, and 0.93%. 
Idle increase in yield on these four fields was respectively ii, 14, 76, 
and i dh')- dlie possibility that at some point between the fields and 
the Tiitrogeri room the tags became interchanged is practically ex- 
cluded b}^ the P2O5 data, in each of these four pairs the sample tagged 
“P” being found the richer in phosphorus. 

The data afford no evidence that the relative increase in nitro- 
gen is dependent on the relative increase in yield. In the metaphos- 
pliate project (Table 3) the 14 comparisons with the greatest increases 
in nitrogen, viz., 0.22 to 0.79%, showed an average increase in yield 
of 72%, while the 15 comparisons with increases of only o.oi to o. 19% 
showed an even higher average increase in. yield, viz., 86%. If marked 
phospliate-defideiicy of a field be regularly accompanied by a lower 
protein content of the alfalfa grown on it, the above results suggest 
that there were some wide errors of experiment in either the' analysis 
or the method of sampling. All the nitrogen values reported are the 
av€,rages of concordant duplicate determinations, 0.09% being the 
iriaxinium mid 0.04%- the mean difference between duplicates. The 
apparent effect of the metaphosphate in the second cutting • (Table 3), 
ranging from an increase of 0.79% nitrogen to a decrease of 0.93%, 
raises the question of the reliability of the method 'of sampling that 
was eniployed — 10 or 12 handfuls of plants from, as many representa- 
tive siU‘s. h’u replicate samples were taken and no effort was made at 
I lie tiroe to determine^ the emor of experiment in: sampling, hut data 
ria1Vk‘ 7) from a similar but unrelated study made by the authors 
14 years earlier suggest that in the ease of any pair in Tables 3, 4, and 
5 the diltereiice in nitrogen found does not exceed wh,at might be ' 
found l;)e tween replicate samples collected in the same manner. 

VARIATION IN NITROGEN’ CONTENT OF REPLICATE SAMPLES : ( 

above suggests the difficulty .of securing samples of alfalfa 
nT'ireSiutative m nitrogen content of a plot or of a field as a whole, 
ill a study in 1927 of the effect of.liming on the, nitrogen 'Content of 
.Jicilia samples were taken from the first, cutting on 67' plots on the 
Luem CrtHik Sand Experimental Fields, near St. Paul. The character 
Oi the soil? on these fields has been dealt with in a publication of that 
I 7-33). About half the plots had been limed some years 

before arid the others had received neither lime nor fertilizer and 
no manure during the preceding. 10 .years. The data are summar 
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in Table 7, The plots, 1/40 or 1/80 acre in size, were well distributed 
over 3 acres on the North Field, i acre on the South Field, and 0.75 
acre on the Anderson Field. On all there was a well-established and 
uniform stand of the Grimm variety with every evidence of complete 
inoculation. Liberal and well-distributed rainfall had been favorable 
for growth. The samples were collected by one of the authors, who 
at the time recorded that the alfalfa on the limed plots was lodged 
more than on the unlimed and had lost more leaves from the lower 
portion of the stems. From opposite sides of each plot two samples 
were taken, either the north and south 'or the east and^ west. Each 
was a composite of small bunches of plants from five or six places 
some 3 feet from the edge of the plot, with an air-dry weight of about 
200 grams. 

Nitrogen was detennined on all the 134 samples but C-aO on onljr 
composites made by combining equal weights of the individual 
samples. On each field the alfalfa from the limed portion yielded 
somewhat more heavily, carried appreciably more CaO, and con- 
tained from 0.15% to 0.47% more nitrogen, using the mean values. 
In each of the groups — four limed and four unlimed — there were 
wide differences in nitrogen between individual samples, with maxima 
of 0.46% to 0.97%, and somewhat smaller differences between the 
two samples from any plot, with maxima of 0.24% to 0.55% and 
minima of 0.00% to 0.11%. The maximum differences found between 
plots of similar treatment, using the average of the two individual 
samples, were about the same as those found between the two samples 
from a single plot. For the North Field the average values have been 
computed for all possible combinations of two plots, 136 of the 17 
unlimed plots and 66 of the 12 limed plots; each such value is the 
average for four individual samples. The distribution of departures 
from the mean is shown in Table 8. For the two other fields the dis- 
tribution of departures is similar. If from either the limed or the un- 
limed plots on the North Field two samples had been collected by 
combining for each small bunches of plants from 20 to 24 places, 
giving a green weight of about 3,000 grams, the analyses might have 
shown as extremes in nitrogen difference either 0.00% or 0.40%. 

The entire growth on a single square yard may be little more repre- 
sentative of a plot than the individual samples reported in' Table 7, 
On June 20' of the following year four i square yard samples .were 
collected from each of seven limed and seven unlimed plots on the 
1921 seeding on the South Field on which the stand of alfalfa was 
still uniform,. The square yard samples were taken about 3 feet with- 
in and near the middle of each of the four sides of a plot. The average 
yield on the unlimed plots was 1.44 tons and on the limed 1.62 tons. 
The mean nitrogen content of the alfalfa from the unlimed plots was 
this being the .average .for the 28 individual samples which 
had a combined weight of about 6,000 grams of dry matter. For 
the limed plots the mean nitrogen content was 0.20% higher. The 
maximum difference between any two of the four samples from the 
same plot was 0.40%, between the averages for duplicate plots 0.29%, 
between any two samples from the unlimed plots 0.45%, and between 
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Table 8 . — Departure of nitrogen content from mean, as average of two phis m all 
possible combinations, on North Field at Coon Creek in igzj. 


Departure of 

N content 
from mean 

1 Number of plots 

I 

Percentage distribution 

! Unlimed 

j Limed 

All 

Unlimed 
plots . 

Limed 

plots 

All 

plots 

0.00 to 0.05 

69 

29 

98 

50 

44 

49 . 

0.06 to O.IO 

1 38 ■ 

21 

59 

28 

.32, 

,, ,..30 . 

o.lltoo.15 

21 

II 

32 

15 

,. . ■ 

, i6' 

0.16 to 0.20 

8 

5 

13 . ' 

6 ' 

7 ' ' 


Total ^ 

136 

66 

202 i 

100 

100 ' 

100 


any two from the limed plots 0,52%. The mean difference between 
samples from the same plot was 0.11%. 

It is evident that if a fertilizer’s effect upon the nitrogen content 
of alfalfa hay is to be reliably determined, the samples should be 
so collected that several replicate composites from both the treated 
and untreated parts of the field give closely concordant results. If 
before analysis the samples were separated into leaves and stems 
and the proportions of these determined, smaller samples might 
suffice. 

IMPORTANCE OF SAMPLES BEING COLLECTED AT SAME 
STAGE OF DEVELOPMENT RATHER THAN AT SAME TIME 

As alfalfa advances from early growth to full bloom, its nitrogen 
content declines, due partly to the decrease in nitrogen in both leaf 
and stem and partly to the lowering portion that the leaves form 
of the whole. As they are roughly twice as rich as the stems in nitro- 
gen, whatever causes a loss of leaves, such as lodging, or shattering 
due to drouth, will lower the percentage of nitrogen in the hay. On 
phosphorus-deficient soils phosphate fertilizers usually, but not 
always, hasten maturity- of alfalfa. In western Minnesota on the 
fertilized part of a field the crop may reach the half-bloom stage as 
much as a week or 10 days before that on the rest of the field. While 
in plot or field experiments designed to determine the effect of differ- 
ent fertilizers upon the, yield of forage crops it is customary to .harvest 
aU parts on the same day, such is not the case in farm practice, each 
field, or distinct part of a large field, being mown as near the desired 
stage of development as weather and labor conditions permit. 

' ,:It may be possible to estimate roughly how much higher the N 
content of the samples from the fertilized parts of the 5 1 felds would 
have. '.averaged had the two^ samples from each been collected at the 
..same, stage, for example at. half-bloom, many investigators having 
reported the decrease in nitrogen from tenth bloom to full bloom. 
Kiesselbach and Anderson (15) in Nebraska found for four suc- 
cessive seasons, 1921-24, declines of 0.28, 0.21, 0.27 and -0.06%, 
respectively, with an average interval of ii days. Nine data, five 
from other authors (10, 14, 25, -28, 35) together with these from 
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Nebraska, range from, o.8o to -0.06% and give, an average, decline of 
0.36^;^ A similar average decline for four seasons was found on two 
experimental fields near Bemidji, in northern Minnesota, the one on 
a very light sand and the other on a relatively heavy soil. On each, 
field two'"plots were sampled; the one, -a control, showed ,a rnarked 
sulfur deficiency while the other was adjacent but had been given a 
lilneral appHcat.’ioii of ,a sulfur fertilizer. In each of the four seasons 
the last sampling was made not more than 2 days before removing 
thfc firsl raiiting, when the alfalfa w^as between tenth and half bloom. 
Thf* flecrease in nitrogen during the last week varied from -0.02% 
t ( * o . 4 8 ^ \ w i t h cin ci verage of o . 2 2 % . 

Wc might assume that half of these values represent the average 
c'iee,rease in nitrogen that took place in the plants on the fertilized 
part of the. western Minnesota fields after they had reached the stage 
o,f devek,)pnieiit of those on the unfertilized part on the day both were 
sampled. So, if the two samples of each pair, instead of being taken 
on the same day, had been collected when the plants were at the same 
stage of development, the average increase in nitrogen might have 
been found twfice as high. 


SUMMARY 

Nitrogen cleteniiinations are reported on 61 pairs of samples cob 
lected from 52 western Minnesota fields of alfalfa that showed an out- 
staiiding response to phosphates, only part of each field having been 
fertilizerl In 37 ,of the comparisons, the N content of the sample 
from the pliosphonis-treated land was more than 0.10% higher, 
ill 5 more than o. 10% the lower,- and in the remaining 19 the difference 
was less than 0.10%. For the 61 comparisons there was, an average 
increase of 0.16% N, or 1.00% crude protein. The two samples from ,, 
each field were collected at the same time, but it is pointed out, that 
for such a comparison they should be collected at the same stage 
of developraent. If they had been taken at the same stage of bloom, 
instead of within the same hour, it is probable that the -average in- 
crease in N ivoulcl have been found much greater. The difficulty of 
securing frcmi a. plot or field of alfalfa replicate samples closely con- 
eordani in nitrogen content is illustrated. It is concluded that in farm 
practice phosphorus-fertilizers applied on markedly phosphorus- 
deficient soils will usually cause an appreciable increase in the protein 
content of alfalfa hav. ' ■ ■ 
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THE EFFECT OF DEFOLIATION, SOIL FERTILITY, 
TEMPERATURE, AND LENGTH OF DAY ON THE' 
GROWTH OF SOME PERENNIAL GRASSES-' 

R. L. Lovvor# 

M ost of the investigations on the effect of environme-ntal fac- 
tors on the growth of perennial grasses have not included those 
adapted to the southern United States. In previous publications 
( I o, 1 1) d the writer has reported differences in the responses of Dallis 
grass, Paspalum dilatatum Poir., carpet #grass, Axonoptis affinis 
Chase, and Bermuda grass, Cynodon dactylon (L.) Pers., to fer- 
tilizer treatments under field conditions, A study of the reaction of 
such grasses to controlled habitats should provide information help- 
ful in evaluating the species. Pure cultures of Dallis grass, carpet 
grass, Bermuda grass, and. Kentucky bluegrass were grown, in the 
greenhouse under different cutting treatments, temperatures, day 
lengths, and soil fertility levels in an attempt to measure the effects 
of these environmental factors on the growth of the grasses. 

REVIEW OF LITERATURE 

That frequent cutting treatments reduce the root, stem, and leaf growth of 
perennial grasses has been shown by many workers. Any factor that affects growth 
and accompanies a reduction in photosynthetic area would be expected to exhaust 
the reserve food supply in perennial species. Data demonstrating this behavior 
have been published by Harrison (7) and Dexter (5). Species with difl'erent growth 
characteristics respond differently to cutting treatments, as has been shown by 
Graber, et al. (6). 

The response to temperature seems to be specific. Brown (3) observed that 
Kentucky bluegrass, Poa pratensis L., Canada bluegrass, Poa compressa L., and 
orchard grass, Dactylis glomerata, made some growth at 40° F, whereas, Bermuda 
grass made no growth at 40° F .and ver\'' little at 50° F. The optimum temperature 
for top growth was 80° to- 90° F for the bluegrass and 70° F for orchard grass. 
Maximum top growth for Bermuda grass was obtained at 100° F, the highest 
temperature used. The greatest root and rhizome development was made at 50° F 
for Canada bluegrass, 60® F for KenUicky bluegrass, 70° F for orchard grass, and 
joo® P for Bermuda grass. Kentucky bluegrass made little growth at 100° P in 
sand culture studies reported by Harrison (7), Nitrogen stimulated the yields at 
80° F, but resulted in lower yields under continuous defoliation treatments. 

In general, longer day lengths obtained by artificial illumination have resulted 
in upright plants with longer internodes, and plants growing in a short day have 
been more decumbent. Allard and Evans (i) have determined the necessary day 
length to produce flowering for Kentucky bluegrass, orchard grass, reed canary 

^Contribution from the Department of Agronomy, North Carolina Agricul- 
tural Exxjeriment Station, Raleigh, N. C., and the Division of Forage Crops 
and Diseases, Bureau of Plant Industry, Soils and Agricultural Engineering, 
Agricultural Research Administration, U. S. Dept, of Agriculture. Part II of a 
thesis submitted to the graduate faculty of the University of Wiscorisiii in partial 
fulfillment of the requirements for the Ph.D. degi'ee. Published with the approval 
of the Director of the North Carolina Agricultural Experiment Station as paper 
No. 197 of the Journal Series. Received for publication March 21, 1945. 

^Associate in Agronomy (Forage Crops). The writer expresses his appreciation 
to H. L. Alilgren and B.M. :Duggar of the University of Wisconsin for their sug- 
gestions during the investigation. Appreciation is also expressed to members of 
the Department of Experitnehtar Statistics, North Carolina Agricultural Experi- 
ment Station, for assistance in . the analysis and interpretation of the data. 
^Figures in parenthesis refer to “Literature Cited”, p. 5S1. 
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).>Tnss, PJuldris arundinacea L., bromegrass,' wemi6V Leyss., various 

timothv strains, Phleuni, peaiettse L., and bulbous bluegrass, Foa biilbosa L. 
Bent'dif t (2) has reported similar studies on Agropyron smithii, Boutelmia gracilis, 
‘Indropogon furcatus, ‘AMPanicum virgatum, AXthongh. Agropyron smithii flowered 
tinder lon^^ day conditions, the total weight of plant w^as not affected by length of 
day. The other three species made more growth in the longer day. The mot-top 
ratio was greater ill the short day ford furcatus and Panicum virgatum, 

whereas' the other species were' not affected by day length. Watkins (13) found 
that the dry weight of the entire plant of bromegrass increased with an increase 
ill the iiumiier of hours of daily illumination. 

In investigations- by Burton (4), Bahia grass, Paspalum 7 iotatum Flugge., pro- 
I lured a niiu'h greater mass of roots than either Dallis grass or carpet grass. The 
vieirl of ean)et grass was only 62% as large as Dallis grass during the first year, 
Laii-d (9) ioimd Bermuda grass to have a weaker root system than Dallis grass 
fir carpet grass. 

METHODS 

! )allis grass, c'arpet grass, Bem.iuda grass, and Kentucky bluegrass were grown 
in pure stands in the greenhouse at Raleigh, N. C., during the winters of 1941-42 
uikI {942-43, Each treatment consisted of a single 8-inch, pot that contained 
t'ighl seedlings. Three replications were used during the first winter and four the 

second. 

A high fertility level was established by mixing nitrate of soda, superphosphate, 
muriate of potash, and dolomitic limestone into the soil prior to transplanting 
at the rates of 300, 800, 200, and 2,000 pounds per acre, respectively. No fer- 
terlizer was added to the soil maintained at the low fertility level. The soil was 
a Norfolk fine sandy loam having a base exchange capacity of 2.43,. exchangeable 
l.tases of 0.73, and percentage saturation of 30. 

In early December, 1941, the 7- week old plants were placed in the following 
environments: High temperature, long day.; high temperature, short day; low 
tetnperature, long day; and low temperature, short day. 

Because of lighting difficulties, the day length variable ivas not included in the 
sei'ond experiment conducted during the winter of 1942-43. The high temperature 
inaintfiined V’as 85® to 90"^ F during the day and 80° to 85° F during the night. 
The low temperature was 65° to 70° F during the day and 60° to 65® F during 
the The short day environment was the normal day length at Raleigh, 

N. C.,, which amounted to approximately 10 hours during this period of the year. 
Tlie long day of approximately 15 hours was accomplished 'by supplementing 
the^noriiiai day with fluorescent lighting sufficient to produce loo foot candles 
ot hglit £it the tops of the plants. Water ■was never a limiting factor. ■ ■ 

The grasses were cut to a uniform height of 2 inches at the end of December, 
a fill all siihsequent growth was measured. The three cutting treatments in 1941—42 
i’onsisted of cutting the plants to a height of i inch at 10-, 20-, and 30-day intervals. 
Afi mlditicmal cutting treatment was added during the second experiment and 
f'onsisteil ol no defoliation until .the experiment was termi,nated. The harvesting. ■ 
schedule consisted of six lo-day, three 20-day, two 30-day, and one 60-day harvest 
diiririg Jaiiiuiry and Febmary., 

A!l_ -subterranean plant parts w^ere washed free of soil at the termination of the 
experiment and separated into crowns and roots. No records were kept of the 
crowns. and stubble. The„data,for top growth and root growth 'were subjected to 
an analysis of variance. ■ 

EXPERIMENTAL RE.SULTS 
TOP GROWTH 

Teiiiperattire, soil fertility level,. day length, and cutting. treatments 
gTe.atly.irifi,ti.e.iiced t.lie, yield of top growth. Since the replications were, 
williiii each, of the two temperature and day length environments, 
there is no good test of , significance for comparisons. between ■theiotir '. 
pvironments. The .data for The 30-day cutting treatments are given . 
Ill lable I and for .all other cutting 'treatments under, short 'day' 
conditions m Figs. I. and 2. ' ^ 
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Table i. — The effect of soil fertility level, temperature, and length of day on the top 
growth when cut every jo days in grams of dry matter per pot. 



High temperature, 8o°~90° F 

Low temperature, F 

Species 

Long day, 

Short day 

Long day, 

Short day 


1942 

1942 

1943. 

1942 

, 1942 

1943 


High Fertility Level 


Dallis grass. . , . 

5^90 

5.80 

6.50 

3.06 

1 2.33 

1 1.76 

Carpet grass . . . 

. 2.40 j 

2.03 

2.13 

1.50 

0-35 

0.43 

Bermuda grass . 

3.99 I 

4-13 

5.08 

: 2.60 " 

1 . 1.74 

1 -1.13 

Bluegrass 

2.69 

2.70 

0.85 

.: 3.22 ■ ... 

2.02 

1 1.80 

Average 

3-74 

3-^6 

3-64 

2,59 

1. 61 

i 1.28 


Low Fertility Level 


Dallis grass .... 

2.04 

1.61 

2.60 

1.04 

0.77 

0.46 

Carpet grass. . . 

1.83 

1.75 

..■1,87 

0.44 

0.20 

0.1:6 

Bermuda grass . 

2.02 

2.1 1 

2.00 

0.70 

0.46 

0.32 

Bluegrass 

0.99 

0.83 

0.53 

0.88 

0.56 

0.62 

Average. ...... 

1.72 

. 1-57 

■■■ 5.75 ■ 

0.76 

0.50 

0.39 

I % level* 

0.93 

1. 15 

1.54 

0.71 

0.60 

0.56 

5% level ...... 

0.70 

0.86 

1 1. 16 

0.53 

0.49 

0.42 


’*'The least significant difference between species. 


The yields of top growth from plants grown at the higher tempera- 
ture tended to be less in the long day than in the short day environ- 
ment when cut frequently. There was little difference between the 
yields under the two day lengths when the species were harvevSted at 
30-day intervals. Dallis grass made more growth than any of the 
grasses under the higher temperature, whereas carpet grass and 
Kentucky bluegrass made less. 

The response to fertilizer was inversely proportional to the fre- 
quency of cutting. The data given in Fig. i show that the species 
differ at each fertility level. Frequent cuttings w^ere usually more 
effective in causing reductions in yields at the high' fertility level. 

The decrease in yield resulting from frequent cuttings was ap- 
proximately the same for Dallis grass, Bermuda grass, and Kentucky 
bluegrass when grown at the higher temperature. Carpet grass was 
affected to a much less degree. 

The marked effect of temperature on the three “warm tempera- 
ture’' species becomes apparent upon an examination of the data from 
the lower temperature environment in Fig. 2. More top growth was 
produced under the long day than under the short day condition, and 
this relationship held true for all species. Dallis grass and Kentucky 
: bluegrass produced.approximately the same amount of top growth at 
the lower temperature, and their yields ■ were larger. than, those, of 
Bermuda grass and carpet grass. The latter produced the least top 
growth. 

The amount of top growth- at the lower temperature was increased 
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“I' growth in grams of dry matter per pot. Above, when grown 

leinperature, short day, and high fertility level; Jafoa-, when 
higher temperature, short day, and low fertility level. 

‘1 he least significant difference between individual means at the 5% level. 

of ‘iry fatter per pot by the application of 
fulilizii. Lndei both day lengths Dallis grass, Bermuda grass, and 
f bluegrass responded about equally, whereas carpet grass 

\u-is tile least responsive. ■ ' ■ , 

alfected the average yield of all species under 

all itTLilizer and light conditions at the lower temperature as follows; 
_ut every 10 days .. . . . . ... .0.68 gram dry matter per pot 

^ut every 20 days .. . . ... . . .0.91 gram dry matter per pot 

■ ■••i-i 9gramsdry matter per pot 
Cut every 60 days . 1.43 grams dry matter per pot 


574 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 



I 

0 


r 




DEFOLIATION FREQUENCY !N DAYS 


Fig, 2, — Yield of top growth in grams of dry matter per pot. Above, when grown 
at the lower temperature, short day, and high fertilit^r level; below, when grown 
at the lower temperature, short day, and low fertility level 

•^The least significant difference between individual means at the 5% level 

Frequent cuttings were not as effective in reducing the yields at 
the lower as at the higher temperature. Top growth was also reduced 
more by frequent cuttings under the long day than under the short 
day at the lower temperature. Increasing the cutting frequency 
resulted in the greatest reductions in the yields of Dallis grass and 
Bemiuda grass' and the smallest reduction in carpet grass. The yields 
of Dallis grass and. Kentucky bluegrass were not significantly dif- 
ferent at any specified cutting treatment. The yields of carpet grass 
and Bermuda grass did not differ significantly at the 10- and 20-day 
cutting treatments, but under the 30-day treatment, Bermuda grass 
produced nearly twice as much growth as carpet grass, under the long 
day and more than three times as much under the short day. 

■ Interactions between fertility levels and cutting treatments were 
significant, indicating that the grasses respond more to the added 
nutrients when cut less frequently. This interaction was not always 
significant for carpet grass, however. 

All yields of top growth under the low temperature-long day were 
affected less by frequent cutting at the low fertility level. The same ■ 
relationship is true for most of the data- from the low temperature 
short day environment. 

ROOT GROUTTH 

The frequenc}^ of cutting was the, most important of the factors 
studied in affecting, root ■ growth. The effect of., cutting .treatments- 
on the average growth, of roots at both temperature and light con- . 
ditions and soil fertility levels was as follows : 

Cut every 10 days ,0,49 gram dry matter per pot 

Cut every 20 days 1.04 grams dry matter per pot 

Cut every 30 days 1.68 grams dry matter per pot 

Cut every 60 days — 4.79 grams dry matter per pot 



LOVVORN: GROWTH OF PERENNIAL GRASSES 57 S 

The fertility of the soil was second in importance to frequency of 
cutting in its effect on root ^owth, whereas day length and tempera- 
ture were of equal and less importance. 

Reductions in extent and weight of roots produced by frequent 
cuttings wert' greater at the higher temperature than at the lower 
temperature. The length of day had little effect on the root growth 
at the higher temperatures when all species were averaged (Table 2) . 
The root growth of Dallis grass was reduced more than that of the 
other species by frequent cutting. Dallis grass also produced much 
more root growth at the 20-, 30-, and 60-day cutting intervals 
the other species. Differences in yields of roots of all species 
V. in "1 cui every io days were small. 


Tabli'. 2. — The effect of soil fertility levels temperature^ and length of day on the root 
growth when, cut every jo days in grams of dry matter per pot. 



High temperature to 90° F 

■ Low temperature 60-70“ F 

Species 

iLoJig dav, 

Short day 

Long dav. 

Short day , 


! 1942 

1942 

^943 

! m2 , 

1942 

1943 


High Fertility Level 


Dallis grass. . . . 
Carpet grass. . . 
Be!'!:'mda grass . 
Bluegrass. .... 

3.80 

1.18 

1.28 

1.28 

3-38 

I-I 5 

2 . II 

1.36 

5.98 

2.20 

2.04 

0.59 

2.47 

1*45 

1.08 

3.08 

2.00 
1.06 
0.95 

3.00 

3.62 

0.64. 

0.99 

1 2.92 

Average. 

1.88 

2.00 

2.70 

i ' 2.02 

, 1-75 

,2.04. 


Low Fertility Level 


Dallis crass. . . . 

..64 

2.01 

3.18 

. 1 .40 

1.28 , 

I.4I 

t.ar|,>e1 grass. . . 

1 .48 

1*59 

1.86 

0.81 

0.68 

0.80 

grass. 

t .34 

1,49 

r.36 

0.67 

0.57 

0.59 ' 

fill It grass, .... 

0.89 

0.92 

T -45 

1.25 

1.38 

2.07 

A\ tT*agc. 

. 1.34 

1.50 

.. . 1.71 A 

1.03 

! 0.98 

1.22 

f ' f level , 

0.53 

0,77 

2.01 

0.63 

0.64 

.1.54; , 


0.47 

0.58 

1*52 

0.47 

0.48 

I.I6 


•^'Tbe leal t sigsiifxant difference between species. 


Although the over-all effect of the high fertility level was to produce 
niore roots, the increase was relatively much less than in the case ' of' 
the top growth The response, of Dallis grass to the high fertility level 
was gi eater tnaii that of . either Bermuda grass or Kentucky blue- ■ 
grass. Ihere was no difference in the- amount of root growth of the 
I’axpet grass at tlie two. soil fertility levels. 

• s’Snifirant soil fertility level X cutting treatment interaction 
nidicated that only at the 20-, 30-, and 60-day cutting intervals 
were the responses to fertilizer treatment significant. There was a 
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tendency toward a greater response at the less frequent cuttings, 
althoiigh this relationship was not always true under the short day» 

Individual means for the grasses grown at all environments and 
cut every 30 days are given in Table 2. Yields from all cutting 
treatments at the higher temperature are shown in Fig. 3. Under both 
day lengths the percentage reduction in yield of roots resulting from 
cutting treatments was approximately the same for all species under 
both fertility levels. 

The root yields of the grasses grown in the lower temperature are 
given in Fig, 4 and Table 2. The actual yields were approximately 
the same for the 10-, 20-, and 3o~day interval as those of the grasses 
grown at the higher temperature. When the grasses were allowed, to '■ 
grow undisturbed for 60 days at the lower temperature the yield was 
much less than when grown at the higher temperature. The percent- 
age reductions in yield resulting from cuttings were less at the lower 
temperature. Carpet grass was affected less than any other species 
by frequent cuttings. The reduction in root growth of Kentiick}^ blue- 
grass under the short day when cut every 10 days was less than half 
of the reduction under similar cuttings under the long day environ- 
ment. This grass also produced many more tillers under the short 
day environment than under the long day, and this modification 
of its growth habit was of material benefit when the plants were 
subjected to severe cutting treatments. The species arrange them- 
selves into two groups when harvested every 30 or 60 days, namely, 
the more productive Dallis grass and Kentucky bluegrass group and, 
the less productive group of carpet grass and Bermuda grass. 

The over-all effect of the high fertility level was to increase the root 
growth. This was accounted for, however, almost entirely by the 
Dallis grass and Kentucky bluegrass. The increases for carpet grass 
and Bermuda grass were within the limits of experimental error. 
Dallis grass and Kentucky bluegrass made the greatest root growth 
at both fertility levels. 

TOP-ROOT RATIO 

The ratios of top growth to root growth are given in Table 3. Such 
comparisons show that the proportion of top growth to root growth 
decreased from the higher to the lower temperature. This is accounted 
for, however, by a reduction in the amount of top growth rather than 
by an increase in the’ root growth at the lower temperature. 

The narrowing of the-.ratio for Dallis grass was caused by the differ- 
ential response of the above-ground parts and the roots to the higher 
temperature. Both parts of the plant made less growth at the lower 
temperature, but the difference was greater for the top growth' than 
for the root growth. The action 'of the lower temperature in retarding 
the top growth was the most important -factor of those under con- 
sideration in narrowing the ratio of top growth to root growth in' 
carpet grass. The actual root growth was slightly less at the lower 
temperature, however. The Bermuda grass ratio was usually narrower 
at the lower temperature. Kentucky bluegrass did not behave like any 
of the other species, even though the top-root ratios were narrowed at 
the lower temperature. Root growth was approximately twice as 
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DEFOUATION FREQUENCY IN DAYS 

Fil. 3. Amount of root growth in grams of dry matter per pot. Above, when 
grown ;it the higher temperature, short day, and high fertility level; below 
higher temperature, short day, and low fertility level. 

'The least Significant difference between individual means at the 5% level. 

great at the lower temperature, whereas the amount of top growth 
was approximately the same . at the two temperatures. More top 
growth was produced under the long day when the temperature was 
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Table 3. — The effect of soil fertility level, temperature, and Ike length of day on ike 
top~root ratio when cut every JO days. 



High temperature 80° to 90° P 

Low temperature 60-70® P 

Species 

Long day, 

Short day 

Long day, 

Short day 


1942 

1942 1 

1943 

1942 

1942 

1943 


High Fertility Level 


Dallis grass .... 
Carpet grass . . . 
Bermuda grass . 
Bluegrass 

1.55 I 
2.03 
3,12 
2.10 

1.72 

1.77 

1.96 

1.99 

1.09 I 
0.97 1 

2.49 i 

144 

1.24 

I *03 
2.41 

1.05 

I.i6 

0. 33 

1. % 
0.67 

■0.49- ■ 
0,67 

1.14 

0.62 

Average ' 

1.99 

1.83 

1.35 

1.28 

0.92 

0.63 



Low Fertility Level 



Dallis grass .... 

1.24 

0.80 

0.82 ! 

0.74 

1 0.60 i 

0.33 

Carpet grass . . . 

1.24 

1. 10 

1. 01 

0.54 

0.29 

0.20 

Bermuda grass . 

1.51 i 

1.42 i 

147 

1.04 

0,81 

0.54 

Bluegrass 

i.ii 1 

0.90 

1. 18 

0.70 

0.41 

0.30 

Average 

1.28 1 

1.05 i 

1.02 

0.74 

0.51 

0.32 


low, but when the temperature was increased, the short day was more 
favorable for top growth. 

Day length apparently had little effect on the ratio of top growth • 
to root growth at the higher temperature. The ratio was reduced 
by the short day at the lower temperature. This narrowing of the 
ratio was caused almost altogether by the lower yields of top growth 
of all species under the short day. 

The fact that top-root ratios were reduced at the lower fertility 
level can be attributed -to the greater stimulation of top growth than 
root growth by the addition of fertilizer in Dallis grass, Bermuda 
grass, and Kentucky bluegrass. Since there was little difference in the 
root grovrth of carpet grass at the two fertility levels, the reduction 
in the ratio was due entirely to the greater yield of top growth at the 
high fertility level. 

The data show that the ratio of top growth to root growth in- 
creased with the frequency of cutting. This change in ratio was always 
true for Dallis grass and carpet grass; Bermuda grass and Kentucky 
bluegrass usually behaved in the same manner. 

DISCUSSION 

Results from these greenhouse studies have shown close agreement 
to those previously reported for Dallis grass, carpet grass, and Ber- 
muda grass under field conditions (ii). The yields from Dallis grass 
and Bermuda grass were approximately the same when grown in 
unfertilized soil in the field as well as in the greenhouse. The two 
grasses also produced' approximately the same yield under field 
conditions when fertilized with nitrogen, phosphorus, and potassium 



579 


lovvorn: growth op perennial grasses 




Fig* 4* — - Amount of root growth in grams of dry matter per pot. Above, •when 
grown at the lower temperature, short day, and high fertility level; below, 
when grown at the lower temperature, short day, and low fertility level. 


‘^Tlie least significant difference between individual means at the 5 % level. 

(ii). Under greenhouse conditions Dallis grass was superior to 
Bermuda grass in both top and root growth at the high fertility level. 
Hitchcock (8) and Piper (12) state that Bermuda grass is more 
tolerant of dry growing conditions than is Dallis grass or carpet grass. 
Water %vas not a limiting factor in the growth of grasses in the green- 
house, but drought conditions were not uncommon during, the' course 
of the held investigations. It seems probable that part of the difference 
in the behavior of the two grasses under field and greenhouse condi- 
tions m,ay be explained oil the basis of moisture. The observation of 
Laird (,9) that Bermuda grass had a weaker root system than Dallis 
grass or carpet grass was made under' field conditions with older 
pjants. His work was done under much more intense light condi- 
tions than existed in ,our greenhouses during the winter months, 
and his former environment would have been more conducive to 
root development. Brown (3) has also reported that rhiizomes do not 
develop on Bermuda grass under., greenhouse conditions', during 
winter months. ^ ' ' ' ■ 

The "fact that Dallis grass was more responsive to a higher soil 
fertility level than' carpet, grass agrees with the conclusion of Loworn 
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(10) that Dallis grass can better maintain itself in competition with 
carpet grass if either commercial nitrogen is used or if the grasses are 
grown in association with legumes. 

Dallis grass, carpet grass, and Bermuda grass produced more top 
and root growth when grown at the 85° P environment than when 
grown at 65® P. However, the differences in yield of top and root 
growth between the two temperatures were greater in the case of 
top growth than in the case of root growth. Kentucky bluegrass 
produced approximately the same amount of top growth at the two 
temperatures, but the root system was greater , at the lower tempera- 
ture. Apparently the temperatures maintained in these studies were 
above and below the optimmn for maximum top growth in Kentucky 
bluegrass. Brown (3) reported that 80° to 90° P was optimum for 
the production of top growth. He was using constant temperature 
tanks, whereas our greenhouses were subject to considerable variation 
in temperature. 

Frequent cutting was most harmful to Dallis grass and least harm- 
ful to carpet grass. Lovvorn (10) has shown that a management 
system whereb}^ a Dallis-carpet grass combination is cut less in- 
tensely during either the spring or fall will increase the ratio of Dallis 
grass to carpet grass over that of a system in which the grasses are 
cut continuously. This differential behavior can be explained both 
morphologically and physiologically. Dallis grass is a bunch grass, 
and very little photosynthetic area remains after frequent and close 
cutting. New growth must, therefore, be initiated at the expense of 
previously stored root reserves. Carpet grass is a decumbent, sod- 
forming grass, and considerable leaf surface remains after frequent 
cutting. Dallis grass also produces more vegetative growth than 
carpet grass. Other investigators have found that frequent cutting 
is more effective in retarding development under conditions favoring 
rapid growth. Dallis grass and Kentucky bluegrass would therefore 
appear to warrant more careful management than either cai'pet 
grass or Bermuda grass. 

■SUMMARY" 

Dallis grass,, carpet grass, Bermuda grass, and Kentucky blue- 
grass. were grown under greenhouse conditions of 10- and 15-hour 
day lengths, 85° F and 65*^ F temperatures, one high and one low 
soil fertility level, .and cut every 10, 20, and 30 days during the 
winter of 1941-42. During the winter of X942-43 the plants were 
not grown in the long day; one additional cutting treatment was 
also added whereby the plants were allowed to grow the full 60 days 
before harvesting. .In other respects the experiments were conducted 
in the same manner during the two ye.ars. The results may be briefly 
summarized as follows: 

X , Cutting ' treatments and 'Soil fertility , had. greater influences on 
..the yield of top growth than any of the other factors included in, this 
investigation. 

2. Most species will require more careful management at higher 
levels of fertility than at lower levels if maximum production is 
desired. 
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3. Dallis grass was affected more than any of the species by fre- 
quent cutting and therefore 'requires more careful management for 
maximum, production. Carpet grass was affected the least. 

4. The yields of top growth at higher temperatures were in the 
descending order of Dallis grass, Bermuda grass, carpet grass, and 
Kentucky bliiegrass. 

5. The yields of top growth at the lower temperature were in the 
descending order of Dallis grass, Kentucky bluegrass, Bermuda grass, 

and carpet gra.ss. 

6. To]:) growth was greater under the short day at the higher tern- 
peratiirc tka.11 at the same day length at the lower temperature. 

7. Frequent cuttings were more effective in reducing yields of 
rocri growth than of top growth. The yields of top growth weredn- 

relatively more than yields of root growth by the fertilizer 
tjeatiiient. 

8. The yields of root growth at the higher temperature were in the 
descending order of Dallis grass, carpet grass, Bermuda grass, and 

Kentucky bluegrass. 

9. The yields of carpet grass roots were not influenced by the fer- 
tilizer treatment. 

10. The yields of root growth at the lower temperature fell into a 
iiigli group, Dallis grass and Kentucky bluegrass, and a low group, 

carpet grass and Bermuda grass. 

11. Yields were generally ' reduced more by frequent cutting at 
the higher temperature and higher soil fertility level than at the 
lower temperature and lower fertility level. 

12. All first order interactions between species, fertility levels, 
and cutting treatments were significant. 


8 . 

9. 

10 . 
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NOTES 

ASH CONTENT OF BARLEY PLANT PARTS WHEN |GROWK ON TWO 
DIFFERENT SOILS 

I N I'EARS past, barleys grown on the , Arlington Experiment 
Farm, Arlington, Va., have been characterized by exceedingly 
tough, adherent awns. The nursery and plots were customarily 
situated on rolling upland of Keyport loam, having a reaction of 
approximately pH 5.0. While great difficulty was experienced in 
obtaining awn-free seed at Arlington Farm, the same varieties 
threshed “ clean when grown in the West. In 1935, barley was grown 

Table i. — Percentage of ash in various parts of barley plants grown on two different 
soils at Arlington, Va,, 1935, 


Percentage of ash in 


Plant parts 

Wisconsin Winter 

Esaw 

Grown 
on up- 
land 

Grown 
i on 
! fiats 

Ratio of 
flats: 

■ upland 

Grown 
on up- 
land 

Grown 

on 

flats 

Ratio of 
fiats: 
upland 

Spikes: 







Awns 

9.12 

35-52 

3*9 

lO.OI 

■' 30,6$ 

3*1 

Seeds. 

2.21 

[ 3-48 

1.6 

2.40 

: '3*8o 

1.6 

Rachis i 

4.44* 

8.42* 

1.9 

5*74 

8.28 

1.4 

Internodes: 





i 


1st (peduncle) 

3.09 

8.82 

— 

373 

8.48 



2nd 

1.62 

5-72 



2.48 

2.c;? 

5-51 

KJ.tO ! 

■ 


1.76 








□ 1 


Av 

2.16 

6.66 


,2.91 

6-43 

■ 2.2 

Nodes: 





' 


¥Kt (bnnt) , - 

10.41 

7.4.2 

11.66 



7 

12.48 



■ 2Tld . . . j 

10.54 



e •‘-'O 

6,09 

10.25 j 







.-ard.' ^ 

5*75 

10.23 

■ 

5.07 „ 

9.68 








Av 

7.86 

io.8i 

> 1.4 

6-33 

10.80 


Leaves: 



t 

■' , ' i 



1st (boot) 

4-38 

18.40 J 

— 

6.54 

I5-37, - ■ 


2nd 

4.21 

■21.30 


5-94 

'18.04 

■ 

3rd 

3.68 

17.02 

„ , . 

4.78 

■:i4-05„. : 



Av 

4,09 

18.91 

4.6 

579 

15.82 

■^7'; 




*Siagle sample. 
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not only on the upland plots, but also on the alluvial soil of the 
“flats” located on the flood plain of the Potomac River. The soil 
there was filled in by dredging from the river and is composed largely 
of material washed down by the Shenandoah and upper Potomac 
Rivers. It has a reaction of about pH 6.5. As usual, the seed of the 
barley from the upland in large part retained its awns, while that 
from ‘the “flats” threshed clean, the awns being almost completely 
deeidiioiis. . . , 

vSiiice Inrittleriess of awn had been shown previously to be associated 
with asli content/ ash determinations were made on different leaves 
and parts of culms and of spikes from mature plants of Wisconsin 
Winter (C.L 2159) and Esaw (C.I. 4690) barley grown in that, 
year in the two locations referred to above. The separate com- 
ponents were ground and dried at 130° C for i hour. Ash was deter- 
mined ill duplicate and is expressed in percentage of oven-dry sample 
as shown in Table i. 

In general, the percentage of ash decreases from the spike down- 
ward. All plant parts show higher ash concentrations when grown 
on the “ fiats' t This increase in the flat-grown barley is striking in the 
awns and the leaves. The seeds with high starch content, and the • 
nodes, with much lignified tissue, present poorer opportunities for 
iiiineral deposition, and their increase in ash is much smaller. 

T.he capacity for depositing ash is quite different in the two 
varieties, as is seen by the fact that, when grown on the upland, 
Esaw has the higher ash content in all parts except the nodes, while 
on the flats Wisconsin Winter has the greater amount everywhere 
but in the seed and the first node. — Merritt N. Pope, Division of 
Cereal Crops and Diseases , Bureau of Plant Industry^ Soils , and 
Agriculttiral Engineering, Agr., Res, Admin., U, S. Dept, of Agri- 
cultMfe, Plant Industry Station, Beltsville, Md. 

^ ^Harlan, H. V., and Pope, M. N. Ash content of awn, rachis, palea and kernel 
of barle;^ during growth and maturation. Jour. Agr. Res., 22;433--499, 1921. 

ASH CONTENT OF BARLEY AWNS ANB KERNELS AS INFLUENCED 
BY LOCATION, SEASON, AND YARIETYi 

¥ N CONNECTION with the barley' claSvSification. program of 
1 1942-44, when the varieties were grown and studied at a num- 
l;)er^ of locations, several varieties were chosen for ash analysis of 
their awm and kernels. 

was noted that the spikes of two winter varieties, Tennessee 
Winter 52 and Kentucky i, from the 1943 ' crop at Raleigh, N. C. 
Oireshed very poorly while spikes of the, same varieties harvested 
111 1944 at Aberdeen, Idaho, threshed quite easily. Ash determina- 
tions were made of the awns and kernels of these varieties and also ^ 
ot the others reported here, according to the following method. 

ihe samples were ground in a Wiley mill through a i -mm sieve. • 
in the cases where o,nly a very small quantity of material was avail- • 
able, the samples were ground as finely as' possible ■ with a mortar 

"" research grant from the Wisconsin Alumni Research 
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and pestle. The material was ashed for 4^/2 hours in an electric 
muffle furnace which was adjusted to give approximately 2 hours 
at 600® C, the maximum temperature, used. This procedure gave a 
white RvSh with all awn samples and a white to light gray ash with 
kernel samples. Extending the ashing time gave no significant de- 
crease in weight of ash. 

The ash content of the awns and kernels of the two winter varieties 
when grown at three stations in 2 years is given in Table i. It will 
be noted that there is a great difference in the ash content of the 
awns at Raleigh and Sacaton or Aberdeen. The difference is less 
for the kernels. Both varieties show similar differences, indicating 
that environmental influences are very strong. ' Among the spring 
varieties, four were selected for ash analysis. The varieties selected 
were chosen because their awns w^ere deciduous at some stations. 
The data are given in Table 2. They are similar to those in Table i 
in that large differences in ash content of the awns were found be- 
tween stations. The material grown at Aberdeen and Sacaton again 
was highest in ash content, w’^hile that grown under middle western 
and eastern conditions was lowest. As for the winter barleys, the 
ash content of the kernels varied with location, but no large differ- 
ences were found. 

The differences in ash content between stations shown in Tables 
I and 2 may be attributed in part to differences of the soils but there 
are, no doubt, other factors which are important. Harlan and Pope^ 
showed that the water supply in the soil during the growing season 
was an important factor. In the data reported here the ash content 
of the awns at some stations differed considerably from one year 
to the next, as at Ottawa in 1943 and 1944. At this station the two 
seasons were quite different in the amount of precipitation and in 
temperature. 

Table t . — Percentage ash content of awns and kernels of two winter barley varieties 
grown at three stations in two years. 


Variety 


Station 

Crop year 

Tenn. Winter 52 

Kentucky i 

Awns 

Kernels- 

Awns 

Kernels 

Raleigh, N.C 

1942-43 

6-75 

2.05 

2.48 

2.04 

Raleigh, N.C 

1943-44 

7.39 

2.04 1 

7*37 

2.04 

Sacaton, Ariz 

1943-44 

32.86 

3.12 1 

19.25 , 

2.86 

Aberdeen, Idaho 

1944 

32.37 

3.00 

29.43 

2.87, . 


It also is evident from Table 2 that varietal differences exist. 
Wis. H3S~7-6~4-i, for example, had 5,55:%.,less . ash' than Minn. 

In 1943, at Madison, Wis., the awns from six additional 
varieties grown adjacent to those reported in Table 2 were analyzed 


^Harlan, H. V., and Pope, M. N. Ash: content, of the aw.n, rachis, palea and. 
kernel of barley during growth- and maturation. Jour.-Agr. Res.,;22,:433“-499. 1921 
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Table 2.— Percentage ash content of awns and kernels of four spring barley varieties 
grown at seven stations in two years. 







Variety 




Station 

Crop 

year 

Wis. H35“ 
7-2-1-3 

Wis. H35- 

7-6-4- I 

Minn. II— 
31-19 

Minn. II- 
31-45"* 



Awns 

Ker- 

nels 

Awns 

Ker- 

nels 

Awns 

Ker- 

nels 

Awns 

Ker- 

nels 

Ottawa, Oiitu, Canada 

1943 

18.44 

2.82 

14.83 

2.91 

21.49 

2.79 

20.24 

2.83 

Ottawa, Out., Canada 

1944 

13.42 

3.10 

8-73 

2.60 

12.25 

2.77 

II. 14 

2.81 

i\fadison, W‘is. . 

1943 

16.83 

3.33 

13-87 

3.24 

17.41 

2.93 

15-81 

2.88 

Madiwi, Wis. ...... . 

^ 1944 

16.66 

3.14 

14.16 

2.95 

17.74 

2.84 

20.34 

2.94 

Lincohi, .Velv . 

1-943 

m.59 

3.26 

12.01 

2.98 

20.74 

2.92 

19.68 

3.14 

Lincoln, Nebr 

1944 

10.93 

2.96 

10.59 

2.93 

12.19 

2.71 

11.52 

2.85 

Fargo, XL Dak. 

■1944 

18.17 

3.53 

14.74 

2.90 

22.00 

3-05 

21.93 

3.08 

Brandon, Man., Can. 

1943 - 

21.88 

3.16 

20.63 

2.99 

28.46 

3.10 

26.91 

2.94 

Brandon, Man., Can. 

1944 

21.67 

3.26 

22.96 

3.05 

31.46 

3.1 1 

28.56 

2.91 

Aberdeen, Ida. 

1943 

33-83 

3.04 

32.68 

2.93 

31.80 

2.87 

31-78 

2.78 

A1x'Td(?en, Ida 

1944 

26.41 

3-37 

37.14 

2.89 

37-77 

3.04 

34-99 

3.07 

Sacaton, Ariz 

^ 943 ” 

1944 

j 

1 34.40 

3.48 

31.86 

! 

3.39 

37-40 

3.59 

38-05 

3-39 

Ax'erage 


20.27 

3.20 

18.68 

2.98 

24.23 

2.98 

23.41 

2.97 


*T.his selection was recently named Mars. 


for asli. Ill this series of lo varieties the ash percentage varied from 
13.87 for Wis.^ H35'-7~6--4-i to 19.92 for O.A.C.21. This Tange 
in ash content is comparable to that reported by Harlan and Pope^ 
in a group of 3 7 varieties grown at Chico,. Calif., viz., 17.2% to 35.5%. 

One reason for initiating these studies was to determine' if any 
relationship exists between the ash content of a variety and the 
degree to which its awns are deciduous. In order to, minimize the 
of variety, two pairs of varieties were , selected which are 
sisit^r strains from the same hybrid but differ in the amount of decidu- 
ous awns. These strains are listed in Table 2. In the first pair the 
^iwrage percentage of deciduous awns was 41.9 for Wis. H3 5™ 7-2 -"1-3 
and 13.5 tor Wis. H35-~7~6~4-i, while the' average ash content of 
the awns was 20.27% and iS.68%., respectively. In the second pair 
the average percentage of deciduous awns was 17.8 for Minn. 11-31-19 
and 6.9 for Minn. 11-31-45, while the average ash content of the' 
awns was 24.23% and 23.41%, respectively. While these differences 
in asli content and .deciduous awns are- in the direction that might 
be expected, it must be noted that the differences in ash are small and 
It cannot be definitely concluded from these data'That ash content 
lias a direct relationship to deciduous awns. However, in working 
with other ^^arieties, ,Pope^ found a closer relationship between ash 
tiontent and d,ecidiious,Eess of the awn. " ■ ■ . 


y'^Loc. cit. . 

’tSee Pope, M. N, Ash content of barley plant parts when grown on two dif- 
lerent so,us. Jour. Amer. Soc. Agron., 37:582-583. 1945. 
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The ash secured in these tests was not further analyzed as to its^ 
constituent parts. 

Conclusions suggested by the observations given above are: 

(1) The awn of the barley plant contains a high percentage of ash^ 
sometimes as much as one-third of its dry weight, .and for this 
reason may be very useful in studies of mineral nutrition in barley; 

(2) the ash content of the awn varies considerably with location, 
soil, season, and variety; and (3) there is a slight indication that the 
ash content of the awn may; have an influence on the percentage of 
deciduous awns. — Ewert Aberg, G. A. Wiebe, and A. D, Dick- 
son, Departments of Agronomy and Plant Pathology, University of 
Wisconsin, Madison, and Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agr, 
Res, Admin,, U. S. Dept, Agr., Beltsville, Md., cooper aiing. 

AGRONOMIC AFFAIRS 
THE PUBLICATION SITUATION 

I N VIEW of certain commitments which have been made with 
regard to date of publication of papers accepted by the Journal 
and which it is now evident cannot be met in Ml, we are taking this 
opportunity to ask for patience and indulgence on the part of contri- 
butors. 

Over-all paper limitations necessitate restrictions on the number 
of pages we shall be able to publish during the remaining six months 
of 194s to an extent which will slow up our publication schedule. In 
this issue we are carrying two articles promised for June, and there 
will be an even greater carry over of material in the next three num- 
bers. We are hopeful to be back on schedule by November, but this 
will be accomplished only by consigning new contributions to a longer 
waiting period than has been' customary, in recent years. It goes 
without saying that everything . possible will be done to conserve 
space in the Journal and to remedy the situation as quickly as 
possible. . 

Acute labor shortage has greatly delayed work on the Proceedings 
of the Soil Science Society.. All of the type is set on the volume, how- 
ever, and most of the proofs have gone out to the authors. It is not 
possible at this time to specify date of publication., but every effort 
will be made to keep the volume moving- along to completion as soon 
as possible. Fortunately, the paper stock for the volume is in the 
printerls. hands, 

We are deeply grateful for the 'patience and understanding that 
have marked all our dealings with contributors both' to the Journal 
and to the Proceedings during these war years and look forward 
to the days when labor and materials will permit us to render prompt- 
er and more satisfactory publication services. — J. D. Luckett, 
Editor. 
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A COMMITTEE ON 

P RESIDENT F. W. Parker 
on Policy and Program : 

Dr. W. H. Pierre, Chairman 
Dr. Richard Bradfield 
Dr, G. P. Browii" 

Prof. A. L. Clapp 
Dr. Russell Coleman. 

Mr. vS. B. Haskell 
Dr, Hans Jenny 


the following Committee 

Dr. I. J. Johnson 

Dr. R. D. Lewis 

Mr. J. C. Lowery 

Dr. N. J. Volk 

Dr. H. K. Wilson 

Dr. G. G. PoMman, ex officio../ : 

Prof. J. D. Lnckett, ex officio 


POLICY AND .PROGRAM 

has appointed 


l"he appointment of this committee was authorized by the Execu- 
tive Coriiiiiittce following consideration of the need for such a com- 
tiiittee by a special committee that met in Washington March i, 1945. 

The committee is asked to develop for consideration by the Society, 
policies and a program that will most effectively advance the inter- 
€ists of the 'Society and its members, as well as effectively serve the 
public interest. It has been suggested that consideration be given 
to such matters as (a) employment of a full time secretary, (b) ex- 
pansion of the Society’s publications, (c) organization of additional 
sections or divisions, (d) enlargement of the Executive Gommittee, 

(e) modification of the procedure for nominating and electing officers, 

(f) financing an enlarged program of Society activities, and (g) 
development of more active state and regional sections of the Society.' 

The committee will w^elcome suggestions from members of the 
Society and particularly invites suggestions from groups of agrono- 
mists and soil scientists at various state and federal institutions. 


CALL FOR PAPERS FOR THE CROPS SECTION 

P ROFESSOR I. J. Johnson, Department of Agronomy, Iowa State 
College, Ames, .Iowa, Chairman of the Crops Section of the So- 
ciety,^ requests that volunteer crops papers.. that would be avail- 
able for presentation at the forthcoming meeting of the Society, if 
and when it is held, be submitted to him .by September i, 1945,, in 
order that they may be' properly classified on the program. ' 


NEWS ITEMS : 

Doctor Norman J. Volk, Head of the Department of Agronomy, 
Purdue University, has been named Associate Director of the Agri- 
iultui dl BiXperiiiient Station. He succeeds Dr. "W. V.~ Lambert, who 
rpigiied recently to accept a position as' Assistant Administrator of 
the Agricultural Research, Administration, U. S.. Dept, of Agriculture. 
Doctor Tolk will continue to serve as head of the Department of 
Agronomy at Purdue.v . ' ' 

A Handbook descriptive of the Specialized fields in agronomy and 
prepared by .the National: Roster, of Scientific and Spe- 
cialized Perpniiel, Bure.au of Placement, War Manpower Commission 
IS now available m mimeographed form and will be printed in Ml in 
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the August number of the Journal. In the meantime, a copy may be 
obtained by writing to the National Roster, War Manpower Commis- 
sion, Washington 25, D. C. 

Doctor M. B. Russell, formerly Associate Professor in Agronomy 
at Iowa State College, has accepted a position as soil physicist in the 
Department of Agronomy at Cornell University. 

Doctor H. K. Wilson, for the past 18 years a member of the 
Division of Agronomy and Plant Genetics, University of Minnesota, 
has been named Head of the Department of Agronomy at Pehn- 
syhmnia State College. 

— A— 

Doctor Victor A. Tiedjens, fomierly of Rutgers University, 
assumed the duties of Director of the Virginia Truck Experiment 
Station at Norfolk on July ist. 

Gaylord M. Volk, Chemist, Florida Agricultural Experiment 
Station, was recently granted leave for one year to do special gradu- 
ate work in soils at the University of Wisconsin under a General 
Education Board Fellowship. 

__A__ 

The McGraw-Hill Book Company has announced a prize con- 
test to be known as the Whittlesey?- House Fellowship Awards for 
books on scientific subjects written for the layman. A first prize of 
$5,000 is being offered and $1,000 each for all other projects ac- 
cepted for publication. The contest closes December i, 1945. Full 
details may be obtained by addressing the McGraw-Hill Book Co., 
Inc., 330 West 42nd Street, New York 18, N. Y. 

Professor F. D. Keim of the University of Nebraska left July ist 
for Europe to assist with one of the University Army Training 
Centers. He will be gone from seven months to a year. 
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A PORTABLE RUNOFF MEASURING DEVICE* 

M. B. Russell^ 

T he irnportajice of measuring soil and water losses as a means 
of evaluating cropping systems and tillage operations as con- 
servation practic'cs is well recognized. To date, however, studies of 
tliis kind arc confined largely to locations where peimanent installa- 
tions can be made and where sufficient labor is available to service 
the er|iii|)nient following each runoff-producing storm Because 
fjf these constraint.s, runoff measurements on areas having a wide 
\'arict3-" of soils and managements have not been made. The desirabil- 
il)'' of studies of this kind was readily apparent and was felt to be of 
sufficient importance to justify the development of equipment that 
would facilitate runoff studies on decentralized sites. 

To meet the need for a simple portable Tunoff measuring device 
most adequately, a sam.pler should have the following characteristics: 
(a) No perniaiient structures should be required which will interfere 
, with the utilization of the area after the completion of the experi- 
ment; (b) the time required to sendee the equipment after each 
st.orm should be comparable with that needed to .service a rain gauge; 
(e) the device should be reliable, mechanically, simple, and unaffected 
liy trash; (d,) the device must be capable of operating satisfactorily, 
ilirougli inierniittent storms having a wide range of runoff rates and 
sill r.'onceiitraiions; and (e) the amounts of both soil and water should 
hi M iicA'iSured with precision comparable .to that of existing equipment. 

CH' the several devices studied at' the Iowa ' Experiment Station 
tliiring the past three years, qtlie ■ tipping-bucket herein described 
most nearly meets the specifications listed above. 

The principle of the counter-balanced tipping bucket has been 
t times for measuring fluids. Tt has the advantage that 

it is ^mechatiicaHy simple, is unaffected- by suspended ' debris, and 

I readhy deans itself of soil deposited when the velocity of runoff is^ 

No. J-1280 of the Iowa Agricultural Experiment Station, Ames, 
inwa, l-rojcci. Xo,_ 740. Received for publication April 9, 1945. 

“Researt'li iVssociate Professor, Department of- Agronomy, Iowa vState College, 
and Agent, Division of Research,- Soil Conservation vService. The author wishes 
i.) ac f ‘ and helpful .-suggestions provided by G. M. Brown- 

tlm'itv' " * ■ Jd^^ston, -and others during the development of this 

‘Idgiires ill parentliesis refer to “’Literature Cited'*, p, 594. 
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lowered. The tilting-bucket has been used by Johnson (2) for measur- 
ing runoff from field plots. It is felt, however, that the method of 
collecting the aliquot and the mechanical simplicity of the device 
to be described here make it of greater usefulness than those' previous- 
ly reported. 

DESCRIPTION OF THE SAMPLER 


The schematic drawing in Pig. i illustrates the design and method 
of operation of the mnoff sampler. The main bucket, A, is con- 
structed of 18-gauge galvanized iron. It has a capacit'j'* of approxi- 



Fig. I.— Schematic drawings of the rutiofif measuring device (left) in position to 
collect a sample of the runoff (right) in position to discharge sample. 


mately 0.8 cubic feet. This bucket is pivoted on an axle, B, located at 
a , point such- that it is directly under the center of gravity of the 
bucket when nearly filled. The addition of more water causes the 
bucket to tip rapidly, thus bringing the aliquot collector, C, under 
the incoming stream of soil and water. When the collector, C, is filled, 
the 'excess runoff is discharged through the overfio'w orifice, D, into' 
the counter-balancing bucket, E. The inflow of a small volume of 
mnoff into ,E is sufficient to return, the main bucket to its upright 
position. This action causes E to empty .and causes , the saixipler, 
C, to discharge the mnoff aliquot into the collecting funnel, F, from 
whic.Ii it flows to a storage can. The number of cycles traversed ljy 
the bucket is tabulated by a tally counter, H, so mounted that it 
registers each tip of bucket A. The counter-weight, G, is adjusted 
so that a minimum of mnoff is necessary in bttcket E to cause it 
to tip. The oil-filled cylinder, not shown in Fig. i but visible in Fig. 2, 
serves as a damper to prevent bouncing of the main bucket after it 
discharges its contents. The. sampler can be readily modified for' 
mnoff rate studies by providing a clock-driven cha,rt on which each 
tipping cycle can be recorded by the displacement of the recording 
stylus. 

Because of the lack of sufficient information regarding the intra- 
storm distribution of mnoff rates and concentrations, it was con- 
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Fjg. 2. — The runoff measuring device. 


sidered advisable to test the device over a rather wide range of run- 
oil rates and concentrations. For testing purpose, a 35 cubic foot 
steel horse tank equipped with two large four-bladed paddles was 
used as a storage tank for the soil suspension. A 2-inch pipe mounted 
on the bottom of the tank led the soil suspension through ' a gate 
valve and into the runoff sanapler. Measured amounts of soil .and 
V’atcr were placed in the tank. The soil was kept in suspension by the 

iv?ii o:* the two motor-driven paddles supplemented by hand stirring 
ill the back water areas of the tank. Following each run the weight 
of soil remaining in the tank was determined and deducted from the 
amount Jiiiiially added to give the actual weight of soil which had 
.passed through .the measuring device. 

MEASUREMENT OF TOTAL RUNOFF VOLUME 

Tlie sampler is designed to measure the total volume of runoff 
and at the same time collect an aliquot from which the amount of soil 
c*aii l)e calculated. It was decided first to determine the accuracy 
with which the device could measure the total volume of runoftb 
For this purpose measured volumes of water were run through the 
apparatus at several rates. The volumes of the individual aliquots 
were determined. For runoff rates less than 0.6 cubic feet per minute, 
the size of the aliquot was 604 zb 15 cc. This value was 656 zfc 37 cc 
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and 722 zh 28 cc for runoff rates between 0.6 and 1.3 cubic feet per 
111 inti te and between 1.3 and 2.0 cubic feet per minute, respectively. 
Since the deviation of the mean value for several aliquots will vary 
inversely as the square root of the number of aliquots comprising 
the sample, it would be expected that at rates below 0.6 cubic feet 
per minute the standard deviation of samples composed of 16 aliquots 
would be appi'oximately one-fourth of the standard deviation of the 
iiidiAodual aliquots, or about 4 cc. 

The volume of runoff required for each tipping cycle was calculated 
on the basis of 10 trials, involving a total volume of 150.6 cubic feet 
of runoff and included runofl; rates ranging from 0.2 to T.3 cubic feet 
per minute. The volume of runoff per trial varied from 7.9 to 31.6 
cubic feet and the number of tipping cycles ranged from 8.5 to 31.5. 
The average volume per cycle was 0.978 d= .036 cubic feet. From 
these data it appears that the apparatus is capable of measuring the 
total volume of runoff well within 5% of the actual volume when the 
total volume amounts to 10 cubic feet or more. 

MEASUREYlBxNT OF SOIL LOSSES 

The accuracy with which soil losses could be measured with the 
apparatus was determined, using suspensions whose densities ranged 
from 1.35 to 7.85 ]3ounds of soil per cubic foot of suspension. More 
than 85% of the storms that have been measured at the Soil Conser- 
vation Experimental Farm at Clarinda, Iowa, produced runoff that 
would fall in this density range. Attempts were made to extend the 
calibration to higher densities, but the experimental difficulties 
described below became so great that these studies were discontinued. 
The results of these tests are shown in Table i. The standard devia- 
tion of the calculated and actual soil weights for these nine trials is 
7.2% of the actual value. In only one of the nine trials did the cal- 
culated weight of soil deviate from the actual amount by more than 
10%. In that case, in which the calculated value exceeded the actual 
by 13%, the soil concentration was high. Under- these conditions it 
was difficult to maintain a homogenous sUvSpension in the mixing 


Table 3 . — Calibration data for the portable runoff sampler. 


Trial No. 

Volume of 
suspension, 
cu. ft. 

Weight of I 
added soil, j 
lbs. 1 

Av. density 
of suspension 
lbs. per cu.ft. 

Average flow 
rate, cu. ft. 
per min. 

Number of 

tipping 

cycles 

Weight of soil 
in aliquot, 
grams 

Total volume 
of aliquot, 
cc 

Total soil 1 

calculated, 

tbs. 

Error, 

percent j 

I' 

31.6 

87.3 

2.75 

0.6 

31.5 

883.0 

18,975 

90.4 

+ 3-5 

2 

15.8 

44.8 

2.82 

0.5 

16.5 

426.0 

9,900 

43.8 

- 2 . 2 " 

3 

7.9 

20.7 

2.61 

0.5 

8.5 

199.6 

5,200 

20. 1 

- 2.9 

4 

15-8 

82.0 

5.19 

1-3 

15-75 

775-0 ■ 

10,100 

74-6 

- ' 9,0 

5 

16.3 

44.0 

2.70 

1.3 

16.5 

469.0 

1 1,600 

41.2 

-.6.3 

6 

15.8 

2T.3 

U35 

0.5 

16.5 

.195.0 

8,800 

22,.6 

-f 6.,i 

7 

15.8 

85.7 

5*43 

0.5 

16.75 

,,799.0 

. 8,900 

. : 92.5 

-f- 8.0 

8 

15.8 

124,0 

7-85 

1.3 

16.75 

■ r, 350 . 

9,900 

. 140.0,.,, 

,.,+r3,.o . 

9=^ 

15.8 

41.7 

2.64 

0.2 

17.25 ' 

■,'■.299.0' 

7,850 1 

,' 40.8.' j 



^‘The sampler used on this run was smaller than the one used previously; hence the lower average 
aliquot volume. 
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tank and it is quite probable that the i6 aliquots were insufficient 
if) sample a.ccttrately such a wide range of instantenous concentra- 
tions that resulted. 

In an attempt to evaluate the magnitude of the variation between 
the individual aliquots taken by the apparatus during a calibration 
Iriab each of the 31 individual aliquots collected during trial No/i 
were dried and weighed. The weight of soil per aliquot ranged from 
14.2 grams to 42.3 grams. The mean value was 28.5 grams and the 
slaiiflard deviation was 8.5 grams. On the basis of these data it was 
eniR*!u(1cd that a minimum of 10 aliquots should be taken if the error 
i!! rsdmatiiig the amount of soil were to be held below the 10% level. 

information is lacking, it is felt that under field conditions 
1 1 e riiiioff density probably does not fluctuate so widely or rapidly 
during a given storm as it did during these trials. Under such condi- 
tions it is reasonable to expect that this runoff sampler will evaluate 
soil bvsses with an accuracy at least as high as it did in these labora- 
tory trials. , „ 

FIELD INSTALLATION AND SERVICING OF THE SAMPLER 

Tile sampler herein described was designed for use on i/i 00-acre 
plots. Undoubtedly it can be modified to handle runoff from areas 
of f >t her sizes. For field size plots and watersheds a sampler of the type- 
deS(Til)CfJ by Kolinke and Hickok (3) will probably be more satis- 
faci-ory. In its present form this sampler requires an operating head 
o[ 2.5 feet. Thus it is necessary to install the sampler sufficiently 
far down hill from the lower end of the plot so that the runoff which 
is delivered to the sampler from the concentrator through a 3 -inch 
downspout pipe can be discharged into the sampler from a point 
2,5 feet above the ground surface. In most cases this will require 
less than 50 feet of dowmspout pipe. On slopes of less than 5% it 
probably would be desirable to re-design the bucket so that a lower 
operating head could be utilized. 

The sampler frame is bolted to four steel stakes, firmly driven 
into the ground. The sampler can be easily leveled if the bolts are 
tisfal as Imulifig screws. Half of a so-gallon oil drum equipped with 
a. coyer mid partially buried in the ground behind the sampler 
provides :i c‘oiivenicnt receptacle for the 5“gallon sample container.. 
If the expected runoff is sufficiently large that. the aliquot is likely to ' 
c'xcced 5 gallon, the sample container should be set in another larger 
water-tight vessel. , , 

To service a field installation followfing a storm the operator 
first records the tally counter reading and then- estimates the volume 
of runoff remaining in the bucket. This is of significance only when the 
imiiiber of tipping cycles has been small. The bucket is then manually 
Upped and cleaned. If the tally counter is operated during the clean- 
ing process, its final reading should also be recorded as it will serve 

as the zero reading for the next storm. The volume of the aliquot is 

measured and recorded. If the aliquot. .exceeds gallon, it is thoro- 

ughly mixed and ran through a divider until , a' portion less than. l 4 ' 
gal ion IS obtained which is taken to the laboratory where the suspen- ■ 
Sion density is determined by the usual method. 
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To calculate the total runoff, the- number of tipphig cycles, cor- 
rected for a residual runoff, is multiplied by a calibration factor deter- 
mined for each sampler. This factor is merely the volume of mnoff 
required for each tipping cycle. The totabsoil loss is calculated by 
multiplying the total runoff by its density as ' determined in the 
laboratory. It is apparent that the total aliquot volume does not enter 
into these calculations. Its only value is as a means of checking the 
tally counter reading. 
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NITROGEM, PHOSPHORIC ACID, AID POTASH ■ 
CONSUMPTIOM II THE UNITED STATES, BY YEARS- 
AND BY STATES, WITH PRELIMINARY FIGURES 

FOR 19441 

A. L. :\lEiiRiNG, HildA;M. Wallace, and Mildred Drain^' • , 

W ART [A IE demands for high food production and' postwar 
nlaisiiing have both increased the need for more detailed infor- 
' ‘oil 1 AirJ fuocF consumption than has been obtainable in the 
p..io Sitali niforniatioii is often of greatest value immediately after 

tbfSi' i if i 111. period covered. 

Fiipires oil ^he consumption' of nitrogen, phosphoric acid, and 
putasli been published annually in recent years for California 
14,/^ Indiana (21), Minnesota (9), Missouri (17), Ohio (19), and Wis- 
ooiisiii (7J l)y si, ate authorities, and for all states for 1941 by this 
oliici* (15), Similar figures for all states *have been published also 
for the fiscal years ended June 30; 1934 (14), 1939 (13), and 1943 (ii). 
Ko sori'cs of plant food consumption data for an extended period of 
years, h<Avcver, has hitherto been available on a comparable basis, 
oifiRF for the United States or .for most of the individual states. 
.\h Ilf nigli the niiniber of tons of fertilizers distributed by Government 
agencies has been published (i, 22) -and the total P2O5 disposed of 
ill this way from 1935 to ,1943 in each state was given in the August 
1044 issue of the Fertilizer Remew, the figures on the nitrogen and 
potash (\iiitents and those for P2O5 for. individual years are .not easily 
a uiid. 

^ The purpose of tjiis paper is to give . data regarding the consump tion 
of tile three principal plant nutrients by states for a series of years 
in order to sliow trends in usage and the effects of the war.,. The data, 
for 1944 arc preliminary and subject to revision in later publications. 


HI )W TH E AMOUNTS WERE DETERMINED 

Tlk‘ nal ioaal figures, to be given later, are the sums of state figures 
for Mi34 and kilt*r years. For earlier years they are largely estimates. 
Stale ligun‘S for 1934 to '1939, inclusive,- were calculated from pre- 
viously published data (12). -Only the average figures for the 5-year 
period 1935 -39 will be. given here for 'individual states. Data for'1941 


^CtHilnbtiiion fnjin ihe Division oflSoiband Fertilizer Investigations, TJ. S. 
)tnt. uf Agriciilturai Research Administration, Bureau of Plant 

iiiilnhiiy, hoik and Agricultural Engineering, Beltsville, Md. Received for publi- 
cation Jniie i, 1945. 

, "tbemisl arid Assistant Statistical. , Clerks, respectively. The, .authors are, in- 
ndioid to io t^atkins and T. L. Jefferies,- former and present Chief, respec- 
tivcly ioTtihzer Requirements .Section, Office. of Materials. and, Paciliti-es,. War 
rood .'Wimimstration, for sending out.-the questionnaires upon which a part of this 

stnuv IS based. ■ 


'*llie tenn plant f<)od will be -used to .m.ean nitrogen,' phosphoric acid (PsOA 
and potash (Iv./>) as is customary m agriculture and industry rather than in the 
strictly snentiiic sense of the term.' 

Tigitivs in parenthesis refer to ‘literature Cited”, ,p. 608. 
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have been published (15) already in the desired form, and are merely 
copied here with some slight revisions. The 1940, 1942, 1943, and 1944 
figures have not been published previously. The 1940 and 1942 data 
were obtained in the way described in earlier publications (12, 15). 

The 1943 and 1944 state, and national figures are based on ques- 
tionnaires sent to all fertilizer manufacturers and producers of pri- 
mary 'materials known to sell directly to retail dealers and famiers. 
The questionnaires w'ere sent out in 1943 by W. F. Watkins, Chief, 
Fertilizer Requirements Section, U. S, War Food Administration, and 
in 1944 by T. L. Jefferies, who succeeded him. Properly executed 
returns, covering about 95% of the tonnage, were obtained for each 
of the three 6-month periods between July i, 1942, and December 
31, 1943. For the first half of 1944 only 89 companies, which operate 
one small plant each, out of a total of 696 known producers operating 
1,025 plants failed to report. Some of these may have gone out of 
business. Almost one-third of the companies that did not report are 
located in Georgia, The returns were tabulated and analyzed in this 
office. 

The tonnages of nitrogen, phosphoric acid, and potash were deter- 
mined from the tons of each kind of fertilizer sold and the plant food 
content of that kind in the State in question, as given in the state 
fertilizer analysis bulletins. The results for 1943 and the first half of 
1944 were largely determined from the questionnaires mentioned 
above. The plant food consumption in the fall of 1944 was also actu- 
ally determined for 12 states, Puerto Rico, and Hawaii. The com- 
panies selling in Hawaii have already reported the fall sales to us. 
The necessary state tonnage data for the 1944 fall season were ob- 
tained from the following sources: California (5), Delaware,® 
Florida (6), Kansas (10), Kentucky,® Maryland (3), New Hamp- 
shire (20), New Jersey (2), New Mexico,^ North Carolina (18), 
South Carolina (23), and Wisconsin (8). Basic data for Puerto Rico 
were provided by L. A. Izquierdo, Commissioner of Agriculture 
and Commerce, Government of Puerto Rico. 

The plant food distributed by government agencies was computed 
from the tonnages of materials as reported by the Agricultural 
Adjustment Agency (i) and by the Tennessee Valley Authority (22') 
and the estimated plant food content of each material. T.V.A. figures 
are for fiscal years, ending June 30. ilvailable calendar-year^ figures 
indicate that the T.V.A. distribution of plant food was approximately 
the same on either a fi,scal or calendar year basis. At any rate the 
errors are ■ too;, small to' affect seriously the state or national totals. 

The tonnage so far definitely' accounted for in 1944 is 10,346,359. 
This is thought to be about 85% of the total. The unreported tonnage 
for 1944 was estimated for each state, for which reports were missing, 
from tax tag sales or information gained from competent observers 


“Personal letter from Claud E. Phillips, Department of Agj'ononw, Universit\^ 
of Delaware. 

^Personal letter from H. R, Allen, Kentucky Department of Feed and Fertilizer 
Control. 

q^ersonal letter from R. W. Dud wick, New MexicxD Field and Fertilizer Control 
Office. 
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in each state as to the size of the 1944 tonnage in comparison with that 
of 1043. The estimates of the quantities of plant nutrients were then 
calculated from these tonnages and the estimated kinds of fertilizers 

sold. ^ 

It is felt that the figures given- in the tables are quite accurate for 
and fairlv reliable for the other years. The error for the individ- 
narresiilts for 1943 and 1944 could hardly exceed 5% of the value 
given ill any instance; that for the national totals 2.5%. The figures 
given for t-hc earlier years are the least accurate, but the. maximum 
error in any ease is not likely to be greater than 10%. 

FEirriLIZER CONSUMPTION OVER LONG PERIOD 

111 i860, aliout 32,000 tons of commercial fertilizers were sold 
in the; Uiiiicd States. Sales had increased to 1,400,000 tons in 1890. 
F"*ertili7.er usage continued to increase steadily to a maximum of 
7, rc)4,ooo ions in 1914. But from 1914 to 1939 consumption fluctuated 
l)el\veiii 5 and 8 million' tons, with the exception of a few years of 
unusual conditions. In the 30 years prior to 1940 average consumption 
was millon tons annually. Starting in 1940, new high records 
have been established in each year. The latest record is 12,468,000 
tons in 1944, and it is highly probable that this will be exceeded in 
1945. The total consumption of fertilizers and their calculated plant 
niitrieiit contents are given in Table i by decades .from 1900 to 1930, 
and aiiriually for more recent years. 


Table i. — Fertilizer and plant food consumption in the United States ^ igoo, igio^ 

IQ20, and IQ30-44* 


Year 


1900 

1910 

1920 

1930 

3932 

ni 33 

1934 

1935 

1936 

1937 

1938 

1939 
J940 

1941 

1942 

1943 

1944 


All 
ferti- 
lizers, 
1 ,000 
tons 


Nitro- 


2,730; 
5 ' 547 . 
7,2961 
8,425 
6 , 54 ^ 
4'545 


62 

145 

227, 

376. 

300, 

213. 


5,f R)j 240, 
5,794: 275: 
6 , 534 ! 3n, 
7,2221 350, 
8 , 433 i 4 H. 

7,758! 384. 
7,993! 398. 

8,6561 419, 
9.381! 458, 


10,131 

IL 754 

12468, 


398 

505. 

626, 


,000 

,900 

,800 

,600 

,900 

,600 

,200 

,286 

,8i6 

482 

,056 

,207 

.093 

,051 

563 

632 

208 


Plant food, tons 


PllOS- 











photic 

Potash 

Total 


N 




1 


acid 





P2 

05 

K2O 

Total 

246,200: 

86 

,500 

394.700 

2 

27 

9 

0,2 

3.17 

14 

.46 

499 , 200 ; 

2 II 

,OGO 

856,100 

2 

63 

9 

00 

3-8o 

15 

•43 

660,100 

257 

,500 

1,145,400 

1 3 

12 

9 

05 

3-53 

15 

.70 

792,8oO| 

353 

,800 

1,523,200 

4 

47 

9 

41 

4.20 

18 

.08 

610,900; 

274 

,700 

1,186,500 

4 

60 

9 

34^ 

4.20 

18, 

.14 

412,900 

191 

,600 

818, roo 

4 

70 

9 

08 

4.22 

18, 

.00 

463,500 

222 

,300 

926,000 

4 

70 

9 

07 

4.35 

: i8. 

.12 

529,529 

262 

,699 

1,067,514 

4 

75 

9 

14 

4-53 

18. 

.:42 

597.321 

306 

.567 

1,215,704 

4 

77 

9 

14 

4.69 

18. 

.60 

672,849 

350 

.075 

1,373,314 

4 

8s 

9 

32 

4.85 

19. 

.02 

793,943 

416 

,024 

1,621,449 

4 

88 

i 9 

41 

4.93 

19- 

,22 

743,657 

393 

450 

1,521,163 

4 

95 

: 9 

59 

5.07 

19. 

,'61 

789.414 

409 

077 

1,596,698 

4 

98 

9 

88 

5.12 

19. 

,98 

912,255 

435 

,016 

1,766,364 

4 

85 

10 

57 

5.04 

20. 

-46 

993,571 

466 

,748 

1,918,370 

4 

88 

10 

59 

4.98 

20. 

45 

1.130,576 

‘ 547 

022 

2,076,161 

3 

93 

II 

16 

5.40 

20. 

49 

1,243,306 

643 

,177 

2,392,115 

4 

30 

10 

58 

: 5-47 

20. 

35 

1,305,410 

641 

722 

2,573,340 

5 * 

02 

10 

47 

5.15 

20. 

64 


Calculated average plant 
food content of all 
fertilizer, % 


including Hawaii, Puerto., Rico., and government-distributed fertilizers. 
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Of the 12,468,000 tons constimed in 1944, 12,184,000 tons were 
used in the continental United States and 284,000 tons in Hawaii 
and Puerto Rico. . In the continental United States cornmercial 
establishments sold 11,298,000 tons, the Agricultural Adjustment 
Agency disposed of 844,000 tons, and the Tennessee Valley Authority 
distributed 42,000 tons. Government distribution started in 1935 
and increased each year to a maximum of 1,139,000 tons in 1942. 
It then decreased to 1,024,571 tons in 1943 and to 886,453 tons in 
1944 - 

Commercial concerns in 1944 sold 11,568,000 tons, of which 
8,681,000 tons, or 75.0%, were mixed fertilizers and 2,887,000 tons, 
or 25.0%, were separate or basic fertilizer materials. In 1942 and 1943 
mixed fertilizers constituted 75.7 and 75.2% of the totals, respec- 
tively. In most years previous to 1942, and since 1930, mixed fer- 
tilizers constituted close to 70% of the total. 

PLANT FOOD CONSUMPTION AND CONTENT DURING 
PRESENT CENTURY 

While fertilizer tonnage increased 115.2% in the past 10 years, 
fertilizer nitrogen consumption increased 127.5%, phosphoric acid 
146.5%, and potash 144.3%. Most of the fertilizer distributed by 
the government consisted of phosphates. Without this tonnage the 
increase in consumption of phosphoric acid is only 114.9%. There- 
fore, the commercial delivery in the past decade increased most for 
potash. In spite of this fact the potash tonnage was approximately 
the same in 1944 as in 1943, although nitrogen consumption increased 
by 118,000 tons and phosphoric acid by 62,000 tons. This was not 
due to any shortage of potash. Actual deliveries of potash to fer- 
tilizer manufacturers during 1944 as reported by the American Potash 
Institute were about 60,000 tons more than can be accounted for in 
the fertilizers sold in the same period after allowance is made for 
other sources of potash. The trends in consumption of the three 
principal plant nutrients with the passage of time are illustrated 
in Fig. T. 

The calculated average total plant food content of all fertilizers 
increased from 14.46% in 1900 to 18.08% in 1930 and to 20.64% in 
1944, as may be seen in Table i. Since 1940 this total has remained 
fairly constant in spite of the fact that the plant food content of mixed 
fertilizers has changed- from a total content of 19.9% in 1940 to about 
21.0%. in X944. The rapid rise in P2O5 content from. 1937 to 1942 
was largely due to - the increasing tonnage of. superphosphates dis- 
tributed by the -government. In 1942 war-induced changes in our 
economy began to influence fertilizer composition. The average 
nitrogen content went down and the average P2O5 and K2O went up 
abruptly. A shortage of nitrogen for fertilizer use developed in 1942 
due to demands for munitions. This difficulty was met by prohibiting 
the use of nitrogen for certain nonessential uses such as on lawns, 
and by restricting its usage on certain .crops. Grades of mixed fer- 
tilizers containing less nitrogen and more of the other nutrients 
were selected at conferences attended by government and industry 
representatives with a view to making the most effective use of the 
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Fig, I. — Coesumption, of nitrogen, phosphoric acid, and potash as commercial 
fertilizer in the United States during the period of 1900-44. 


short supply. In 1.943 additional production from a number of new 
plants made more nitrogen available. Consequently new grades were 
arlo|.)ted and t.!ie restrictions were relaxed. Last year further steps 

were taken in the same direction. 

.REGIONAL AND STATE CONSUMPTION IN RECENT YEARS 

The quantities of nitrogen, phosphoric acid, and potash consumed 
in each state and territory are given in Table 2 for recent years and 
as an average for five pre-war years. The consumption in all territories 
other than Hav^aii and Puerto Rico is only a few hundred tons 

annually. 

This country used 7.4% more plant food in 1944 than in 1943, but 
the increase was fat from uniform throughout the various, regions. 
The' percentage increases are as follows: Western 30.6%, West North 
Central 29.4%, the territories 22.4%, East North Central 16.9%, 
Middle Atlantic 7.7%, South Central 3.6%, and the South Atlantic 
the other hand, the New. England states used 0.9% less. 
Thus it is clear that a large part of the., increase in 1944 over 1943 
was ill the regions where relatively little commercial fertilizer was used ' 
in the past. 

Wdieii compared with the 5 -year, 193 5-39, average the changes 
m usage are quite, different. All regions of the continental United 
States consumed much more in 1944' than in pre-war years. Usage 
was 367% of pre-war in the West North Central, 243% in the West- 
ern, _ 236% in the East: North Central, 204% in the South Central, 
111 the Middle Atlantic, 151%. in New England, 150% in the 
buiitd Atlantic,^ and 100% in the' territories.' The increase in Towa 
is out standing. 1 he average total consumption of nitrogen, phosphoric 
acid, and potash in the ,5 -year period .■'■193 5-3,9 is ,2,147 tons. This 
state used 1(9729 tons in 1944, or about 8 times as much as in pre-war 
years. Of this quantity 3,971 tons of P.2O5 was distributed by the 
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Table 2. Consumption hy Regions and States of nitrogen (N) phosihnrir 
actdiP^Of) and potash {K^O) in recent yearsS 


Region and state 


Continental U. S. 


New England 


Maine 


New Hampshire 


Vermont 


Massachusetts 


Rhode Island 


Connecticut 


Year 


Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

Av. 1935-39 

1940 

1941 

1942 

1943 
^944 


Nitrogen, 

tons 


Phosphoric 
acid, tons 


337,33s 

37^,543 

418,485 

374,639 

480,415 

594,144 

16,466 

16,957 

18,383 

18,272 

20,213 

24,864 

7,663 

8,104 

9,120 

8,640 

10,902 

13,538 

747 

649 

744 

847 

863 

975 

610 

618 

696 

756 

788 

817 

3,761 

3,640 

3,789 

3,924 

3,443 

4,558 

588 

583 

628 

653 

607 

807 

3,097 
3,363 
3,406 
3,452 
3,610 j 
4,169 I 


Potash, 

tons 


703,926 

895,997 

978,192 

1,119,549 

1,232,278 

1,288,302 

31,947 

41,949 

57,222 

48,936 

53,152 

49,935 

14,113 

18,439 

21.196 

22.197 
25,073 
22,190 

1,910 

4,009 

4,972 

3,649 

3,347 

2,769 

4,105 

5,657 

14,113 

6,893 

5,976 

6,669 

5,974 

7,227 

8,585 

8,340 

9.413 

9,934 


1,073 

1,349 

1,861 

1,645 

1,854 

1,770 

4,772 

5,268 

6.495 

6,202 

7 , 419 - 

6,603 


353,280 

404,831 

438,139 

526,960 

624,266 

619,966 

26,854 

28,889 

31,994 

40,478 

44,178 

41,309 

16,494 

17,732 

20,21:6 

23,820 

28,114 

27,468 

" 975 
965 
1,073 
1,888 
1,689 
1,342 

1,004 

1,154 

1,191 

3,423 

1,716 

1,195 

4,023 

4,322 

4,577 

5,733 

6,006 

5,388 

730 

770 

878 

1,022 . 

1,211 

1,214 

3,628 ■ 
3,946 
4 , 059 ' ■ 

4,592 
5,442 . 
4,702 . 
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Table 2 . — Co7itinued. 


Region and state 

Y'ear 

Nitrogen, 

tons 

Phosphoric 
acid, tons 

Potash, 

tons 

M it Kile Atlantic 






Av. 1935-39 

35,090 

128,474 

59,780 


1940 

36,144 

160,589 

62,482 


1941 

39,694 

181,464 

70,981 


1942 

38,194 

191,734 

79.513 


1943 

41,847 

192,797 

89.595 


^944 

55,280 

204,564 

88,890 

New York 






Ay. 1935-39 

12,141 

39.949 

14,667 


1940 

11,615 

62,038 

16,498 


1941 

12,914 

70,682 

17,776 


1942 

13-520 

70,020 

20,553 


1943 

15.055 

66,936 

24,610 


1944 

19,676 

64,805 

23,764 

;l H ^1,..- \ V 1 V.. Jl \ 

Av. 1935-39 

7,556 

15.392 

12,241 


1940 

8,123 

15,628 

12,242 


1941 

8,593 

18,089 

15.729 


1942 

9,391 

21,823 

16,425 


1943 

8,631 

25,110 

18,281 

Pennsylvania 

1944 

11.234 

27,011 

19.774 , 






Av. 1935-39 

8,055 

42,427 

16,749 


1940 

8,518 

47.477 

17.837 


1941 

9,352 

54.434 

20,170 

22,638 


1942 

7,831 

58,954 


1943 

10,063 

59,681 

25,761 

Delaware 

1944 

13.703 

70,231 

24,012 




Av. 1935-39 

1,062 

3,704 

2,908 


1940 

1,132 

3.484 

2,844 


1941 

i,iii 

3.556 

2,829 


! 1942 

894 

3,918 

3,268 


1943 

1,128 

4.856 

3.649 

Alary land 

1944 

1,369 

5,305 

3.509 


Av. 1935-39 

4.855 

17,039 

11,019 


1940 

5.258 

16,576 

10,629 , 


1941 

5.846 

18,654 

11,761. 


■1942 

5,171 

21,320 

13.942 


1943 

5.530 

25.655 

14.342 

District uf Columbia 

1944 

7.433 

26,308 

15.271 


Av. 1935-39 

76 

180 

^ 63- 


1940 

83 

198 

70 


1941 

92 

220 

78 


1942 

86 

250 

70 


1943 

64 

195 

85 

West 

1944 

67 

185 

77 


Av. 1935-39 

1.345 

9,783 

2,133 


1940 

1,415 

15,188 

2,362 


1941 

1,786 

.5,829 

2,638' 


1942 

1,301 

15,449 

2,617 

j 

1943 

1.376 

10,364 

, 2,867, ■ 


1944 1 

1,798 

10,719 

,,2,482' 


002 
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Table 2. — Contmued . 


Region and state 


South Atlantic 


Year 


Virginia 


North Carolina 


Soutl'i Carolina. 


G eorgia 


1935-39 j 

1940 

1941 

1942 

1943 

1944 


I935-39 I 

1940 

.194,1 

1942 

1943 

1944 


Av. 1935-39 I 

1940 

1941 

1942 

1943 

1944 


Florida 


. East .North Central 


Ohio 


Av. 1935-39 I 

1940 

1941 

1942 

1943 

1944 


Av. 1935-39 I 

1940 

1941 

1942 

1943 

1944 


Av. 1935-39 

1940 

1941 

1942 

1943 

4944 


Av. 1935-39 

1940 

1941 

1942 

1943 

1944 


Nitroge.!!, 

tons 


Av. 1935-39 

1940 

1941 

1942 

1943 

1944 


159,653 

168,440 

176,764 

163,989 

204,254 

234,726 


15,206 

15,251 

15,800 

11,553 

16,817 

20,541 


47,373 

48,453 

47,567 

52,206 
6,1,1 18 
68,204 


34,557 

38,329 

40,406 

36,123 

45,883 

50,375 


35,640 

39,509 

41,929 

36,932 

47,685 

57,114 


26,877 

26,898 
31,062 
27,, 1 75. 

32,751 

38,492 


17,048 

21,834 

24479 

18,770 

25,529 

40,072 


7,47 i 
8,901 
10,092 
7,377 
9,755 
13,667 


Phosphoric 
acid, tons 


269,789 

287,553 

298,590 

346,574 

407,149 

398,803 


41,965 

50,710 

54,122 

57,763 

61,090 

65,263 


84,210 

87,937 

86,338 

106,894 

118,058 

116,001 


47,960 

48,316 

47,235 

51,150 

64,950 

63,413 


. 59,647 

65,093 

70,245 

86,971 

109,440 

96,217 


36,007 

35497 
40,650 
43,796 
53,61 1 
57,909 


101,621 

^27,556 

144,611 

197,112 

204,855 

228,804 


45,428 

48448 

54, 

61,576 

69,897 

72,74 4 


Potaj 

ton: 


156,159 

173,505 

184,150 

200,585 

256,859 

243,982 


15,582 

17452 

18,200 

18,210 

25,668 

25,542 


46,730 

50,176 

49,940 

66,998 

75,196 

69,913 


28,654 

37,391 

36,277 

38,289 

46,906 

40,560 


31,320 

35462 

37,494 

36,809 

53,574 

49,404 


33,873 

33,324 

42,239 

46,279 

55,515 

58,563 


50,44^ 

70,39^ 

78,205 

117,019 

112,541 

231,939 


17,512 

22,744 

26,493 

33.085, 

364-76 

38450 
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Table 2. — Confimied. 


and slate 

Year 

Nitrogen, 

tons 

Pliosphorif. 
acid, tons 

Polasli, 

tons 

iialiaiia 






Av. 1935-39 

4,383 

22,603 

17,844 


1940 

5,354 

38,934 

24,990 


1941 

5,741 , 

36,404 

24,514 


1942 

3,958 

44,941 

32,793 


1943 

6,394 

51,377 

35,452 

, 5 . 

1944 

8,432 

60,273 

39,695 


Av. 1935-39 

1,059 

4,340 

2,659 


1940 

1,834 

6,912 

4,323 


1941 

2,222 

11,253 

5,270 


1942 

1,651 

19.34S 

7,117 


1943 

2,119 

21,300 

10,247 

M;i ell i gall 

1944 

4,500 

26,763 

17,889 

Av. 1935-39 

3,083 

17,250 

8,989 


1940 

4,197 

21,770 

12,642 


1941 

4,715 

27,238 

13,510 


1942 

3,769 

38,276 

22,085 


1943 

5,007 

33,035 

18,139 

'Wisconsin 

1944 

7,982 

38,96s 

19,661 





Av. 1935-39 

1,052 

5,000 

3,436 


1940 

1,548 

11,492 

5,699 


1941 

1,709 

15,573 

8,418 


1942 

2,015 

32,971 

21,939 


1943 

2,254 

29,246 

12,227 

West North Central 

1944 i 

5,491 : 

30,059 

16,544 


Av. 1935-39 

1,870' 

18,588 

■ 3 , 831 ' . 


i 1940 

1,971 

25,612 

4,649 


1941 

2,064 

32,886 

5 , 4^3 


1942 

2,085 

45,315 

7,940 ■ 


1943 

2,479 

54,362 

11,752 

Minnesota ■ 

1944 

4,239 

69,015 

14,933 


Av. 1935-39 

289 

1,827 

1 ,27 1 , 


1940 

449 

3,770 

1,494 


1941 

391 

7,206 

1,730 . 


1942 

638 

8,760 

2 , 5 'H 


J 943 

705 

9,228 

3,757 

If ova 

1944 

1,037 

13,292 

3,940 


Av. 1935-39 

142 

1,405 

600 . 


1940 

263 

2,720 

882 , , 


1941 

370 

4,454 

1 ,240 


1942 

487 

7,639 

2,437, 


1943 

47S 

10,019 

3 d 35 

Afisfmiri . 

1944 

1,033 

11,643 

4,053, : 


Av. 1935-39 

1,269 

11,756 

1,772 


1940 

1,062 

13,193 

2,029 


1941 

1,091 

44,429 

■ 2,319 


1942 

805 

^9,725 

. 2,872 

- — ■■■'" 

1943 

1944 

r ,099 

1,858 

: , ,24,940 
" 30,843 

4,414 

6,200 


6o4 
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Table 2. — Continued. 


Region and state 

Year 

Nitrogen 

, Phosphor 

•C Potash 

— 


tons 

acid, ton 

s , tons 

North Dakota 

South Dakota 

Av. 1935-3 

1940 

1941 

1942 

1943 

1944 

9 4 

14 

21 

24 

25 

18 

174 

624 

735 

822 

925 

763 

5 

19 

21 

24 

89 

182 


Av. I935-3S 

I 

67 

209 

200 

I 

3 


1940 

1941 

3 

5 


1942 

1943 

6 

5 

200 

.166 

5 

5 

Nel:)raska ■ ' 

1944- 

2 

192 

1 1 

18 

Kansas 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

20 

20 

18 

24 

29 

10 

519 

S73 

720 

960 

620 

1,000 

7 

17 

18 
24 
47 

4 

South Central 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

^45 

160 

168 

lOI 

138 

281 

2,840 

4,223 

5,142 

7,209 

1 8,464 

11,282 

175 

205 

150 

64 

299 

536 

Kentucky 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

77,587 

99,073 

112,838 

98,925 

131,540 

159,651 

126,849 
210,576 
216,898 
242,828 
268,860 
268,14s I 

47,594 

56,057 

56,921 

67,696 

94,267 

§5,558 

Tennessee 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

2,213 

2,124 

2,374 

2,782 

2,997 

6,435 

23,329 

63,253 

57,100 . 
57,383 

44420 

43,283 

2,916 

3,347 

3,876 

5,066 

7,234 

8,689 


Av. 1935-39 
1940 

3.197 

4,375 

19,014 

37,960 

4,327 

5,288 

Alabama 

1941 

1942 

1943 

1944 

4.569 

5,229 

7,943 

11,584 

41,766 

44,977 

45,164 

47,021 

5,163 

6,972 

12,343 

11,859 

1 

^v. 1935-39 

1940 

1941 

1942 

1943 

1944 

29,328 

33,233 

36,126 

30,135 

34,763 

45,063 

43,442 

.55,574 

55,324 

64,855 
80,850 
' 79,244 

21,449 

23,223 

22,709 ' , 
23,419 
.31., 629 ■ 
28,442 . 






■ 

... 
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Table 2. — Continued. 


a.iid state 

Year 

Nitrogen, 

Phosphoric 

Potash, 



tons 

acid, tons 

tons 

.?vi.ississip|)i 

Av. 1935-39 

22,620 

17,362 

8,876 


1940 

31,197 

17,417 

9,468 


1941 

37,077 

18,494 

8,756 


1942 

33,659 

27.589 

12,412' 


1943 

51,225 

34.184 

15,543 : 

Ark;?r<sas 

1944 

51,474 

30,346 

12,416 


Av. 1935-39 

4,227 

4,314 

2,525 


1940 

8,707 

12,151 

5,102 


1941 

9,811 

13,695 

5,275 


1942 

7,111 

13,355 

8,246 


1943 

10,953 

17,54s 

10,749 

Louisiana 

1944 

12,741 

18,635 

9,145 


Av. 1935-39 

11,768 

9,929 

4,132 


1940 

12,745 

.10,918 

4,999 


1941 

15,579 

14.893 

5,806 


1942 

12,958 

15,842 

6, 1 68 


1943 

14,663 

19,273 

8,108 

OklaJ:iorna' 

1944 

19,465 

20,766 

7,301 


Av. 1935-39 

253 

729 

303 


1940 

167 

542 

187 


1941 

279 

753 

321 


.1942 

350 

1,983 

407 


1943 

320 

2,294 

529 

Texas 

1944 

i 610 

2,768 

606 


Av. 1935-39 

3,981 

8,730 

3,066 


1940 

6,525 

12,761 

4443 


1941 

7,023 

14,873 

5.015 


1942 

6,701 

16,844 

5,006 


1943 

8,676 

25,130 

8,132 

Western 

1944 

12,279 

26,102 

7,100 


Av. 1935-39 

29,624 

26,658 

8,622 


1940 

34,124 

42,162 

8,851 


J941 

44,263 

46,52,1 

10,405 


1942 

34,404 

47,060 

13.729 


1 943 . 

54 , 5 v 53 

51,103 

15,074 

Montana 

1944, 

. 75,312 

69,036 

13,355 


Av. 1935-39 

58 

1,669 

42 


1940 , 

56 

1,771 

45 


1941 

45 

1,800 

45 


1942 

50 

1,890 

5 

II 


ms 

32 

2,484 

LlaL.) , ■■■ 

1944 

.75 

3,075 

3 


Av. 1935-39 

47 

1,961 

81 


1940 

4 

3,091 

8 


1941. 

■ 4 ' 

3,873 

15 . . 


1942 

342 

3,613 

.146 ■ 

~ — ■' ■ 

^943 

1944 

505 

961 

3,909. . 

6,484 

2,64 . 

180 ■ 
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Table 2. — Continued, 


Region and state 

Year 

Nitrogen, 

tons 

Phospliorii 
acid, tons 

c Potash., 

; tons 

Wyoming 



... . 

— i _ — 

.Colorado 

Av. I 93 S- 3 C 

1940 

1941 

1942 

1943 

1944 

> 10 

0 

0 

0 

4 

10 

792 

945 

765 

900 

767 

1,192 

10 

0 

0 

0 

6 

2 

New Mexico 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

lOI 

260 

263 

248 

277 

850 

978 

1,311 

1,635 

2,184 

2,593 

3,056 

54 

201 

141 

195 

145 

60 


Av. 1935-39 

1940 

1941 

1942 

1943 

72 

80 

132 

89 

68 

752 

1,111 

1,441 

1,463 

1,613 

7 

5 

20 

4 

23 

22 

Arizona 

1944 

127 

2,095 

Utah 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

750 

663 

1,117 

1,220 

2,164 

2,205 

881 

1,158 

2,275 

1,524 

2,547 

2,520 

33 

39 

38 

50 

! 92 

472 

Nevada 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

27 

31 

28 

40 

148 

301 

1,017 

1,189 

2,532 

.1,706 

1.695 

3.374 

13 

15 

14 

10 

26 

2 

Washington 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

18 

10 

10 

6 

5 

20 

109 

175 

■175 

240 

91 

120 

9 

10 

10 

6 

I 

6 

Oregon 

Av. 1935-39 

1940 

1941 

1942 

1943 

1944 

C 457 

C 954 

1,932 

3 i 755 

2,833 

5,162 

2,607 

8,670 

6,068 

5,908 

6,334 

7,087 

1 .444 

1.445 

1,540 

3,158 

2,326 

1,750 


1935-39 

1940 

1941 

1942 

1943 

1944 1 

1,077 

1,872 

1,850 

1,852 

2,223 

3,143 1 

1,823 

4,839 

4,921 

4,345 

5,628 

5,556 

895 

1,231 

1.240 

1.241 

U 374 

1,080 
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Table 2.— Concluded, 


Rei'^ion and state 

Year 

. 

Nitrogen, 

tons 

■ 

Phosphoric 
acid, tons 

Potash, 
tons ■ 

California 


26,007 

14,069 

6,034 

Av. 1935-39 


1940 

29,194 

17,902 

5,852 


1941 

38,882 

2 1 ,036 

7,342 


1942 

26,802 

23,287 

8,914 


1943 

46,294 

23,442 

10,806 


1944 

62,458 

34-477 

9,778 

Noii-Co!itig-iioiis Territories 


33,898 

15,612 

21,796 

Av. 1935-39 


1940 

40-550 

16,258 

30,185 


1941 

39,566 

15-379 

28,609 


1942 1 

23,924 

11,217 

20,032 


1943 

28,217 

1 1 ,046 

18,911 


1944 

32,064 

i7,ioS 

21,756 

.Hawaii 

Av. 1935-39 

17,610 

7,644 

8,871 


1940 

17-043 

5,646 

11,043 


1941 

18,125 

5,625 

11,125 


1942 

14-315 

5,726 

10,880 


1943 

13 - 7^4 

4,632 

8,642 


1944 

12,464 

5,508 

7,756 

'Puerto R.ic'‘0 






Av. 1935-39 

16,288 

7,968 

12,925 


1940 

23,507 i 

10,612 

19,142 


1941 

21,441 

9-754 

17,484 


1942 

9,609 

5-491 

9-152 


1943 

14,503 

6,414 

10,269 


1944 

19,600 

1 1 ,600 

14,000 

Total United States 




Av. 1935-39 

371,236 

719,53^ 

375,076 


1940 

419,093 

912,255 

435.016 


1941 

458,051 

993,573^ 

466,748 


1942 

398,563 

1,130,766 

546.992 


1943 

508,632 

1,243,324 

643,177 


1944 

626,208 

1,305,410 

641,722 


Hticluilin? fertiliaers diiatributed by Government, dried, manures, and rock phosphate. The cal- 
ijnlalioiis aic based on the total PaOg content of bonemeal and natural organics and the available 

I'bU.? ol' all other fertiliaers. 


government, but even without this tonnage the rate of growth is 
very rapid. Some other states with a very rapid increase in plant 
!mtrient_ consumption on a percentage basis in recfent years are 
Wisconsin, Illinois, Minnesota, Arkansas, Texas, Idaho, and Arizona. 
Tlie^ consumption per acre of cultivated land, however, is still very 
small in all these states. On an actual tonnage basis, however, in- 
creased usage in South Atlantic and South Central regions is greatest, 
especially from 1942 to 1943. Nearly all states along the coasts used 
more nitrogen and less potash in 1944 than in 1943. The following 
stciics used a little less total plant food in 1944 than in 1943 : Maine, 
New H.'iinpshirc. Connecticut, South Carolina, Georgia, North 
Dakota, and A'lississippi. 

Fertilizer consumption both in Puerto Rico and Hawaii has been 
reduced by war conditions. Puerto Rico suffered most in 1942 when 
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insufficient shipping space was available to carry fertilizer materials 
to the island. In 1944, however, additional boat space to Puerto 
Rico was again obtainable for this purpose. Although in Hawaii 
consumption did not drop off so drastically in 1942, it has declined 
somewhat in each year since then. 

In 1945 the commercial demand for fertilizer nitrogen will probably 
be about 650^000 tons, that for phosphoric acid 1,250,000 tons, and 
that for potash 675,000 tons. 

SUMMARY 

The United States in 1944 consumed 12,468,000 tons of fertilizers 
which contained 626,000 tons of nitrogen, 1,305,000 tons of phos- 
phoric acid, and 642,000 tons of potash. Commercial organizations 
sold directly to farmers and gardeners 591,000 tons of nitrogen, 

I, 121,000 tons of phosphoric acid, and 620,000 tons of potash in the 
continental part of the country and 32,000 tons of nitrogen, 17,000 
tons of phosphoric acid, and 22,000 tons of potash in the non-contigu- 
ous territories. Government agencies disposed of 3,164 tons of nitro- 
gen, 167,569 tons of phosphoric acid, and 17 tons of potash. 

Nitrogen consumption in 1944 was 120,000 tons greater than in 
1943, that of P2O5 was 60,000 tons greater, and that of K2O was 
about the same. Compared with 1934, however, potash consumption 
increased more than that of either of the others. Total plant food 
consumption from 1943 to 1944 increased most on a percentage basis 
in the Western and West North Central states. The average increase 
in these states was 30%. The total tonnages of plant food used in the 
New England and South Atlantic states remained almost the same 
in 1944 as in 1943, although a few states used slightly less. 
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PROGRESS REPORT OF THE COTTON BEPARTMENT OF 
THE NATIONAL AGRICULTURAL RESEARCH BUREAU 
IN CHINA FOR THE YEARS 1942 TO. 1943, iNCLUSIfE^ 

C. L. Hu 2 

T he work of the Cotton Department of the National Agricultural 
Research Bureau in China for the years 1942 to 1943, inclusive, 
was carried on in five provinces, namely, Shensi, Honan, Szechuan, 
Kweichow, and Yunnan. The results obtained are briefly reviewed 
below. . 

REGIONAL TEST OF AMERICAN COTTON 

Regional test of American cotton were conducted in five different 
places in the w^estern part of the Lung-Hai District, including portions 
of Honan and Shensi provinces. The results are shown in Table i. 


Table i. — Yields of seed cotton of five American varieties tested in five different 
places in the western part of Lung-Hai District , ig4i~"4jA' 



Variety 


Locality 

Stone- 

ville 

3 

Stone- 

ville 

4 

Delfes 

531 

Delfes 

719 

Lone 

Star 

33-12 

Aver- 

age 

Remarks 

Lo-yang . . . 
Ling-poa . . 
Dah-lih .... 
Gin-yang. . 
Wu-kung. . 

179.0 

94-7 

73-0 

2547 

194-3 

175.0 

105.7 

74.3 

255.3 

202.3 

173.7 

96.0 

70.0 
240.0 

174.7 

165.0 
90.0 

72.7 

237.0 
188.3 

181.3 

93-7 

76.0 

261.7 

194.3 i 

174.8 

95.9 
73.2 

249.6 

190.9 

Land inigated 
No irrigation 

No irrigation 
Land irrigated 
Land irrigated 
since 1942 

Average . . . 

159.0 

162.5 

150.9 

150.6 

161.4 

156.9 



^Yields expressed as catties per mow (i catty = iM pounds, 6 mows ~ i acre). 


According to the yield obtained during the past three years, 
conclusions may be drawn as follows: (i) Yields are much better on 
the irrigated lands in the western part of Lung-Hai District. (2) The 
yields of five tested varieties are about the same, the maximum differ- 
ence in yield being less than 8%. (3) Stoneville 4, Stoneville 3, and 
Lone Star 33-12 yield about the same. The yields of Delfos 531 and 
Delfos 719 are much alike. (4) The yield of Stoneville 3 at Lo-yang, 
however, is a little higher than that of Stoneville 4, This result agrees 
with that obtained before 1937 when the Cotton Improvement Bureau 
of Honan Province, was using Stoneville 3 for, cotton extension. 
(5) Although Delfos 531 yields a little less than Stoneville 4 at Ling- 
poa, the fiber quality of the former is equivalent to that of the best 
Ling-poa cotton. Therefore, before the war, we could use Delfos 531 
as a substitute for Ling-poa' cotton while in the case of Stoneville 4 

Contribution from tbe National Agricultural Record Bureau, Chunking, 
China. Received for publication March 6, 1945. 

^Head, Cotton Department. 
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wc could not do sjo. (6) The 3deldof Lone Star 33-i'2 at Dah-lih and 
Gill-yang ranked first and is a promising variety in these two places. 

COTTON BREEDING 

Breeding of Delfos 5 ji. —Pedigreed selection of Delfos 531 was 
coridticleci at vSiuning, Szechuan Province. The new strains obtained 
since 1943 arc Central Bureau Delfos 24-424 and 24-1099. 

Breeding of Stonemlle. — The work of pedigreed selection of Stone- 
ville (‘otron has been carried on at Gin-yang, Shensi Province, since 
Five promising strains were obtained and the work is still in 
po'igrcss. 

Breeding of Coker 100, Strain 2 —This work has been conducted 
in two places, namely, Sinning, Szechuan Province, and Gin-yang, 
Shensi 'Province. At Siuning, this variety seems to have the lowest 
I'lercentage of rotten bolls. Among the American cotton varieties 
grown aUSiuiiiiig, this variety ranked first during the past four years. 
Furthermore, it seems to be similar to Lone Star 33-12. 

Artificial crossing of American cotton. — Several years ago, Delfos 
531 was crossed with okra-leaved American cotton and one strain 
was selected from the progeny of this cross and was called Chicken- 
foot Delfos cotton. During 1943, it was compared with other standard 
American varieties in a variety test conducted at Gin-yang, Shensi 
Province. Owing to its high yielding ability (ranked first) during 
these two 3^ears, it has been put into increase plots to be used for 
extension later on. A new name, Central Bureau Chicken-foot Delfos, 
has been given to this new strain. 

Breeding of Chinese cotton. — Pedigreed selection of Chinese cotton 
has, been conducted at Siuning, Szechuan Province, and Si-ping, 
Kweichow Province. Breeding wmrk is still in progress. 

Artificial crossing work between Chinese and Indian cottons ,—lAie 
work was started in 1936 at Nanking, and during 1937, 1 51 strains in 
ai! were brought to Siuning and selection work carried on since. 

ITtESERVATION OP GOOD VARIETIES AND STRAINS" OF 
CHINESE AND AMERICAN COTTON 

Since tlie outbreak of the Sino-Japanese war, the good varieties 
and strains of Chinese and American cottons of the Bureau, scattered 
all over the country, ^ were brought into Free China and are still 
preserved by growing in specially assigned places year after year. 

Preservation work ai Siuning, Szechuan Province. — Up to 1943, 
there were altogether 200 varieties and strains of Chinese and Ameri- 
can cottons grown in the preservation fields at Siuning. The varieties 
and strains deserving special .mention are (.1) among American 

tons, Lone Star 33-12, D.P.L. 10, Foster 6, Acala 7, Missedel 4, 
"Briumph, Rowden, Coker, Cleveland, .Burnett, Coker 
Alias, Half and Half Pure Line,. Chuchow. Trice, Central University 
11 ice, Lce-Hsieii 72,m,nd Yulling American.; and (2) among Chinese 
enttons Kiang-Ying White seed, Shao-kang Long Staple, Chang- 
hung Yhite seed, Chang-Fung: Black seed, .Chang-Teh Brown i, 
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Big Boll Cotton, Ting-Hsien Cotton, Million Dollar Cotton, and 
Clii“Tuaiig Fine Staple. 

A ntimber of special selections have been made since 1942, and 
these, together with special selections brought from Honan and 
Szechuan provinces, have been grown in the preservation field at 
Gin-3^ang Station. These selections are tabulated in Table 2. 


Table 2. — Special selections grown in the preservation field at Gin-yang Station. 


Strain No. 

Variety 

name 

Special 

characteristic 

Regional 

adaptation 

Station 
in charge 

B 29-1042 

King P. L. 

6306 

Earliness 

Northwestern 

provinces 

Central 

Bureau 

B 29-873* 

Delfos 719 

Earliness 

Northwestern 

provinces 

Central 

Bureau 

1 88- 1 

Chicken-foot 

Delfos 

Earliness 

Yang-tze 

River Valley 

Central 

Bureau 

5370 

Lone Star 

33-12 

Prolific 

Yang-tze 

River Valley 

Centeal ' 

Bureau 

24-5422 

Stoneville 3 

Prolific 


Gin-yang 

Station 

25-289 

Stoneville 4 

Big Boll 

Yellow River 
Valley 

Gin-yang 

Station 

24-543 

Delfos 531 

Long staple 
length 

Yang-tze 

River Valley 

Gin-yang 

Station 

24-4512 

1 Delfos 719 

Long staple 
length 

Yang-tze 

River Valley 

Gin-yang 

Station 

2514 

, Foster 6 

: Prolific 

Yang-tze 

River Valley 

Gin-yang 

Station 

10 

GO 

Trice 

Earliness 

China, all 
provinces 

Gin-yang 

Station 


*Differcnt from the original variety. 


CULTURAL EXPERIMENTS 

Factorial experiments on cotton topping, manuring, and lidge 
making have been carried on at Sinning, Szechuan Province, since 
1940. The conclusions are as follows: (i) According to the environ- 
mental factors of Szechuan Province, cotton manuring has a pro- 
foundly favorable .effect, upon the cotton plants.,in Szechuan which 
are generally underfed. Manuring, therefore, usually promotes yield, 
while topping and pruning have no significant; influence upon cotton 
yield. (2) Ridge, making., has;' not shown any significant effect upon 
yields. (3) Proper fertilizing and manuring may shorten the growth 
period of cotton, while topping and pruning have no effect upon 
maturity. (4) There is no interaction between topping and pruning 
and manuring as to yield and date of maturity. 
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Experiments on the date of planting were made during i 933 
the Central Bureau at Si-Ping, Kweichow Province. Trice and Si-Ping- 
were the varieties used. According to results obtained that -year, 
we may conclude that the best date for planting American cotton 
is April 20 and the best date for the planting of Chinese cotton May s 
with April 20 as a close second. 

Irrigation experiments have been ■ conducted in Shensi Province, 
water " for irrigation being obtained from the Gin-Whai canal. The 
results may be summarized as follows : (i.) The supply of water from 
. the Gin-Whai canal is sufficient during the spring and fall seasons, 
but it is not sufficient during the months of June and July (2). Too 
nuicli irrigation delays maturity, increases the amount of bad cotton, 
and decreases the yield. (3) There is no need of irrigation during 
Deeernljcr, Fcbraary, and March and the la^ter-half of May - and 
August and in early September. (4) Irrigation is needed at the be- 
giniiiiig of June, which makes it important that the annual repair 
of tlie canal should be completed before mid-May. 

COTTON RESEARCH 

STUDIES ON CORRELATION OP COTTON CHARACTERS 

The leaf area of cotton seems to be comelated with the time' of 
riiaturity and staple length. Cotton with narrow leaf lobes matures 
earlier but is shorter in length of staple than broad-leaf cotton, 
while the yields of both kinds remains the same. 

The inheritance of leaf characters, such as okra-leaf, yellowish 
green seedling, and naked-seededness seems to be due to one pair 
of genes, respectively. When the two pairs of genes were combined 
in a cross, the progeny showed the phenomena of independent segre- 
gation. The homogeneous purple leaf character seems to be cor- 
related with low yield, while its heterogeneous form seems tq be 
correlated with short staple length. Okra-leaf cotton usually has a 
Iiigher rate of boll shedding,- and the fiber is shorter also. Cotton ^ 
grown up from ^ the yellowish green seeding usually has shorter 
staple, higher lint percentage, and a lesser number of five-locked 
bolls. 

ANALYSIS OF FACTORS PERTAINING TO YIELD 

The faejurs directly responsible for the- yield of lint cotton are ^ 
iiurnber 0! bolls, percentage of lint, percentage -of rotten locks, and 
size of the boll. Among these four factors the number of bolls matured 
is negatively coiTelated with the percentage of -rotten locks. 

The correlation between number of picked bolls and yield of lint 
aattoii is still very significant, although the effect of -other factors ' 
has been eliminated in -partial correlation. The degree of negative 
correlatioo^bcytwep rotten locks and cotton yield will be lowered 
altei Jiie elimination of the effect of picked bolls, while the degree of 
|)c.Ksitive correlation betw'een. weight per lock and. yield will be in- 
creased after eliminating the- effect-of rotten locks. 

llie factors influencing the number of picked bolls are the total 
number of flowers opened, the number- of flowers opened by the end 
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of July, and the percentage, of boil shedding after flowering. The 
iimriber of flowers opened by the end of July is negatively correlated 
with the lutmber of rotten bolls, while the total number of flowers 
opened, the percentage of shedding after flowering, and the number 
of picked bolls show a positive correlation. This correlation, however, 
proves to be negative after eliminating the effect of the total number 
of flowers opened. 

The factors influencing the number of rotten locks are the date of 
flowering and the days of growth of the green boll; therefore, early 
cotton usually has the lesser number of rotten locks. 

Factors positively correlated with the percentage of lint are lint 
index, seed index, and the weight of loo seeds of seed cotton. The 
correlation between seed index and lint index is rather high. The 
correlation between lint percentage and seed index shows a negative 
trend after eliminating the effect of lint index. 

The correlations between weight per lock and lint index, seed index, 
weight of loo seeds of seed cotton, and lint percentage are all positive. 

The correlation between yield and earliness is very high, while the 
latter is again correlated with the percentage of picking before 
September 20, the percentage of bolls by the end of July, the number 
of flowers opened by the end of July, and the number of cotton or 
fruiting branches. 

GROWTH STUDIES IN COTTON 

Growth studies of eight varieties of Chinese cotton and 10 varieties 
of American cotton have been carried on at Sinning for three y^ears. 
The results may be briefly summarized as foilow’'s: (i) American 
cotton grows faster during the early period of growth, while Chinese 
cotton grows faster at the later period. (2) American cOtton has a 
larger number of flowers per plant than Cliinese cotton, although 
the former has the higher rate of boll shedding. (3) Flowers opened at 
an early date usually have a greater possibility of maturing bolls 
than those opened at a later date. (4) The number of flowers opened 
is highly correlated with the temperature 20 to 30 days before flower 
opening, but there is no correlation between the number of flowers 
opened and the temperature on the day the flower opens. (5) The 
curves of maximum boll opening and of maximum flowering usually 
coincide with each other should the flowering curve be superimposed 
on the boll opening curve. (6) The average number of days required 
to mature Chinese cotton bolls is from 35 to 42, while that required 
for American cotton boll is 40 to 46. (7) The percentage of rotten bolls 
is positively correlated with the days of boll maturity, and, as a result, 
American cotton usually has a much greater number of rotten bolls 
than Chinese cotton.. ;■ 



STUDIES ON THE HEREDITY OP COTTON 

The hereditary behavior of anthocyanin in Chinese cotton has been 
studied for several years. Formerly, 14 pairs of genes were found. 
By 1932, another four pairs of genes were added to the list. There are 
(i) The gene for green stem and light red petal spot; (2) the gene 
for light purple stem, red margined cotrola, light red petal spot; 
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(3) the gene for light ptirple stem, red margined corrola, red petal 
s|K)i; and (4) the gene for light- purple stem, red margined corrola, 
mid absence of red petal spot. 

l!i American cotton there are found three types of yellowish green 
seedlings and two t37-pes of leaf forms, these hereditary characters 
are tabulated as shown in Table- 3. 

Table —Linkage relalitms of some inherited characters in American cotton ^ 


Other characters 


Ni'wly ft >1 Hid 
rharatiers 

Yel- 
lowish 
green 
leaf (a) 

Red 

stem 

Chick- 

en-foot 

leaf 

Brown 

lint 

Green 

lint 

Naked 

seed 

Green 

seed 

Light yellowish green 








see(!liri|,' . 

0 

0 

0 

0 


0 


White apical !)ud. . . . 


0 

0 

0 


0 


Irreiipilar leaf vein. . . 





L 


L 

Wave like marypned 




i 




leaf 


; 0 

0 

0 



0 

Yellowish green seed- 








ling (a) 


0 

0 

0 



0 


*L Linkage; O ” Independent segregation ; Blank — Not yet studied. 


Hybrid plants of Chinese and American cotton were backcrossed 
to American cotton and Chinese cotton, respectively. Those back- 
crossed to American cotton have progeny resembling American 
cotton, while those back-crossed to Chinese cotton have progeny 
generally similar to Chinese cotton with the exception of stem color 
and branching habit. 

EXPERIMENTS WITH TREE COTTON 

The bureau has conducted research work on tree cottons of 
Yiirinari Province since 1938. Pedigreed selection of tree cotton 
has Ix'un carried on at Kai-Yuan, Yunnan Province. The variety 
used was the native free-seeded tree cotton. At present, there are 
2 1 strains on trial. In 1943, the average of seed cotton per mow for 
these .strains was 170 catties and the average length of staple 30 mm. 

A number of varieties of tree cotton have been collected from 
various placed in Yunnan Province. The varieties include Yin-sun, 
Tsa-lh Mce-lch, hla-kiang, and several others. These were grown 
with Sea IsLmd, Pima, Ciga, Tanguis, and Seabrook, and the varietal 
characteristics have been noted from time to time. 
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TEM YEARS^ RESULTS OF EXPERIMENTS AMD EXTENSIOl 
, WORK WITH DELFOS COTTON IN CHINAS 

C. L. Hu^ 

T he regional test of cotton varieties carried out in 1933 by the 
National Agricultural Research Bureau proved that Delfos 531 
was a promising variety in the Yangtze River region. In 1933, this 
variety was introduced from the United States and was propagated 
in several localities. In 1937 it was distributed to the farmers. Since 
then, it has become one of the leading varieties of cotton in China. 
This paper summarizes the results of experiments and extension of 
this cotton variety carried out during the past 10 years. 

During a period from 1933 to 193 5, regional tests vrere carried on 
in different localities. According to the results obtained, Delfos 531 
yielded higher than any other variety included in the Yangtze River 
region, especially in Nanking and Anching. The average of 9 to 10 
tests in that region showed that this variety gave an increase in yield 
of 15.77% in 1934 and 7.72% in 1935 over the check varieties, chiefly 
Trice and Acala. In the Yellow River region, Delfos 53 1 gave increases 
in average yield over the check variety (Trice) of 31.6% and 32.37% 
for 1934 and 1935, respectively. Another introduced variety, Stone- 
ville, yielded even higher. Thus, the wide range of adaptation of 
this variety was well proved. 

Besides its high yield, Delfos 53 1 also has the best quality in com- 
parison with the varieties commonly grown in China. It has longer 
fiber than Trice, Acala, or Stoneville, and its average lint percentage 
is higher than Trice but slightly lower than that of Stoneville and 
Acala. Table i gives a comparison of Delfos 531 and three other 
introduced American varieties with respect to fiber length and lint 
percentage. 


Table i. — Comparison of American cotton varieties. 


Character 

Year 

Trice 

Stoneville 4: 

Acala 

Delfos 531 

Length of fiber, mm 

1934 

1935 

25.60 

26.51 

29.20 
■. . 29.21 

30.20 

28.82 

32.60 

32.44 

Average ■ . 


26.05 

29.21 

29.51 

32.52 

Lint percentage 

1934 

1935 

28.60 

30.15 

51-60 

31-83 

30.40 , 

. 33.11 , 'i 

29.40 . 

31.23 

Average. ■. 


29.37 

31-76 

31.75 ^ 

30.50 


After the outbreak of the war, the' adaptation of this variety 
was tested in the southwestern provinces, especially Szechuan. In 
several localities in Szechuan and Sikang provinces its yield was 
superior or at least equal to the recently developed American varie- 

Uontributxon from the National Agricultural Research Bureau, Chungking, 
China. Received for publication March 6, 1945. 

^Head, Cotton Department. 
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ties, stieli as Foster 6 and Cokers 100, and tke local degenerated. 
American varieties. Trice, which was previously recommended ' to 
the growers of that region, exceed Delfos in a few tests ■ in yield. 
IIowe^XT, so far as quality, lint percentage, and other economic 
ciiaracters were concerned, Delfos 531 was definitely preferable. 

Ill 1935, Delfos was purchased from the Stoneville Pedigreed Seed 
Co., a.ncf its propagation was begun in Nanking in an area of, 180 
mfjws.'' Since 1937, it was extensively used in extension wqrk. The 
on(‘-varicly>community system was adapted and the growing region 
was gradiially extended from. a number of extension centers. 

Tl'ie Honan Provinciah Cotton Improvement Station first intro- 
this varict}^ to the cotton growlers to take the place of the 
(Icgrn.iTnitd hut much famed American variety Linpao. An area 'of 
S,i5.| nicws near Shaiichow were selected to grow this variety ex- 
cliisiv'h^ to maintain its purity. The high yield and good quality 
rf DdiVkS received much admiration from the growers. In 1937, the 
Sitio-Japaiiesc war changed much of the agricultural policy of our 
government so as to pay more attention to increased food production, 
Imt the extension work on cotton in Honan Province was kept going 
ill spite of war. Areas of 33,400^ 31,288, 27,322, 24,058, and 25,509 
mows of Delfos cotton were gimwing in. that region in the years from 
ki 38 to 1042, rcspectivehc These figures included only the acreage 
till? ('oiitrol of the vStation, but a much larger area was' devoted 
to the growing of this variet}^ through the purchase and exchange of 
seeds among individual growers. 

After the war began most of the cotton growing regions were occu- 
pied hy the Japanese, hence Szechuan Province has had to increase 
its cotton production. However, owing to the lack of precise experi- 
mental data for .reference, it was difficult to decide which variety 
should be introduced to this region. After a thorough consideration 
of the (iimate and cultural conditions, it was determined to use 
‘Delfos 531. In 1938, 100,000 catties^ of seed'Of that variety were 
imported from Irionan. Province and distributed to the growers' in- 
the northern part of Szechuan Province, chiefl.y Shehung. Through- 
oitt the growing season close attention was paid to the plant growth 
and liehavior of the variety. Various defects in the cultural and 
ha.r\a:'sl pract.iecs were noticed and suggestions as to their i.mprove- 
niciit were mmle. Eventually the local growers were definitely con- 
vinced hy its high yield and good quality and the adaptation of this ■ 
variety to northeTii Szechuan Province was determined. 

During_ llie^ winter of the same year, 500,000 more catties of clean 
pelid^s 53 '^ and Delfos 719 were ■ imported under a very 
iliffitiill, situation. An area covering Shehung, Santai/Chungkiang, 
Pimgehi, and Shuniiig was selected to grow this cotton on the basis 
tlie one- variety-community system. In 1939, this variety of cotton 
was grown on 56,312 mows. The low precipitation in the fall made 
that >\-ar a very favorable- one for the growing of cotton. The highest 
yielti c 4 Seed cotton of Delfos, reached 330 catties per mow and an 
^ catties per mow w^as- recorded in comparison with 105 

'*6 mows ■— I acre. . ■ 

h eattic =■ jjj pounds. 
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JariSy American variety and 137 catties for the 

In 1940, the extension area for Delfos extended to 14 district<; 
located chiefly in northern Szechuan Province and the Too River 
region. The total area was 113,457 mows. The drought and a storm 
m the early summer of that year did not cause much damage to i?s 
growth and the supenonty of this variety was still retained 

in 1941, the sudden increase in the price of food crops caused a 
decrease m cotton planting. Therefore, the total area in Delfos in 
1941 was only 158,200 mows. In 1942, the same reason caused the 
redurtion m the area pf Delfos cotton to 104,131 mows. Durino- this 
period, however, various attempts were made to keep its purity 
and to avoid the degeneration of this variety by the strict coSro^ 
of the growing area and gm-houses in order to supply a large quantity 
of pm e and clean seeds for latter extension work. ^ 


Table 2.- 


-ResuUs of extension work with Delfos cotton in China. 



Year 

Area in mows* 

Average yield of seed cot- 
ton per mow, cattiesf 

Increase in yield over local 
varieties per mow, catties 

?939 

1940 

1941 

1942 

56,312 

113,457 

158,200 

164,131 

176.0 
ii 5 n 

150.3 

139.0 

61.0 

50.1 

71.0 

81.0 

’*‘6 mows = I acre. ” — — 


The results of extension work on Delfos during the oeriod from 
1939 to 1942 are summarized in Table 2. s • p lod from 



A PLAN FOR REHABILITATION OF THE COTTON INDUSTRY 
IN CHINA DURING THE POST-WAR PERIOD^ 

C. L. Hu 2 

C HINA is the biggest consumer of raw cotton, yarn, and cloth in 
the world. Although it ranks third in the production of cotton, 
the import of cotton goods- ordinarily exceeds export at a value of 
about three hundred million dollars in Chinese currency each year 
{niiv huii.lrecl million dollars in American currency). 

T!i(‘ population of China is about one-fifth of the world, but the 
ajiioiii'it of cotton produced in China is only about one-twelfth ^ to 
o!K‘-cightli of the world crop. Besides making cloth, a, large quantity 
of cotton is recjuircd for batting, wadding, and stuffing materials. 
Cur own production is far from enough to supply such demands. 
During the period from 1932 to 1937 the area devoted to cotton in 
China wa.s 9,000,000 acres, producing yearly 1,820,000,000 pounds 
of cotton. In 1936 we had the largest acreage of cotton ever recorded 
in China, or approximately 10,000,000 acres with the production 
of .1,871,000,000 potiiidsof cotton. Besides the consumption of cotton 
produc^ed by our own acreage the average import of raw cotton 
during the period, from 1921 to 1936 amounted to 227,000,000 pounds 
anriiiaily. The total quantity required for our yearly consumption 
was 2,050,000,000 pounds on an average, which included 1,289,000,- 
000 pounds for machine spinning, 230,000,000 pounds for hand 
spinning, and 577,000,000 pounds for stuffing materials. 

In 1937 we had 141 cotton . mills, operating 5 million spindles. 
This means the output of one spindle had to be shared by 100 men. 
Each, year there was produced by our mills 1,088,000,000 pounds of 
3rari:i and thread. In addition to this about 220,000,000 pounds 
were produced yearly by hand spinning. In total, the amount, of 
yarn thus produced 3^early would be estimated at 1,323,000,000 
pounds. During the period from 1917^0 1920, the yearly import ex- 
c('c(k‘d the export by 5,600,000 pounds. The total consumption of 
yarn amounted to 1,276,000,000 .pounds for each year, including 
,415,000,000 pounds for. loom wewing, 690,000,000 pounds for hand 
wvaying, and j 60, ,000, 000.. pounds for needle work. 

When the production uf cloth is taken into consideration there 
were 52,009 looms in China in 1937, producing 1,000,000,000 square 
yards of doth. In addition, 2,329,000,000 square yards were produced 
!iy hand weaving, making a total of ■ 3,329,000,000 square yards 
produced yearly. The total yearly consumption was estimated to 
be 3.800.000,000 square yards. On an average, therefore, during 
.tl w perio d from 1911 to 1936, we had to import yearly 483,000,000 

from the National Research Bureau of China. Received for 

piiWira.iion March 6, 1945. ■ 

CoU'oip Departmeiit Dr. Hu -.was. sent by the Chinese Government to 
the work with United Nation -Relief -.■and Rehabilitation Administration' 
mid to skidy cotton production , in the United States. His stay in the United 

Mates will be approximately one year, 
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square yards of cloth in order to compensate for the deficienc}^ in 
production. 

In conclusion, before 1937, our import of yarn far exceeded the 
amount exported; therefore, production of raw cotton and especially 
of cloth was far from self-sufficient and consequently we had to depend 
upon the importing of a large quantity to meet the total consumption. 

THE PRESENT SITUATION 

Since the outbreak of the Sino-Japanese war in 193 7, the production 
of cotton, spindles, and looms had been seriously curtailed. The 
figures of loss are as follows: 

A. The cotton growing area which remained in Free China was 
only about 14% of the total. This fact naturally leads to an extreme 
deficiency in the supply of cotton. 

B. Before the war, our cotton mills were mostly located along the 
coast. Since the outbreak of the wmr, 97% of the spindles still re- 
mained there. Even through the efforts of our government to estab- 
lish the industry in the interior, there are only 200,000 spindles in 
Free China. 

C. During the early part of the war, nearly all of the looms were 
seized by the Japanese. There exist now onlj^ 1,000 looms scattered 
over the interior. 

In view of the above facts, the damage from the war has resulted 
in the overthrow of nearly the whole cotton industry. Consequently, 
the insufficiency in the supply or raw cotton, yarn, and cloth can be 
easily imagined. 

PLAN OP REHABILITATION OF COTTON INDUvSTRY" 

COTTON MILLS 

Before the war, because of the increasing demand of fine yarn, 
hand spinning was already gradually declining. After the w:ar, the 
deficiency of man labor will probably prohibit the recovery of the 
hand industry. In order to make the cotton supply self-sufficient, 
we must build up 10 million spindles within 10 years. For such work 
we shall need assistance from our allies; all will be planned by our 
engineers. In addition to the above our original 5 million spindles 
that have been seized by the Japanese must be returned to us in 
good condition. Before these old spindles are regained and the new 
industry is founded,, i.e.,. the first year after the war, we trust our 
allies will be in a position to supply us with 154,000,000 pounds of 
yarns to meet the immediate demands. 

LOOMS 

During the postwar period we plan to build 320,000 looms in addi- 
tion to our lost 50,000 looms that should be returned to us in good 
condition. In the first year after the victory, we shall need the help 
of our allies in supplying 200,000,000 square yards of cloth to solve 
the urgent problem of clothing. 
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COTTON PRODUCTION 

t.hc war, we plan to plant 12,000,000 acres to cotton in order 
\o ['.irxlnrc ^,507,000,000 pounds of raw cotton annually. 

1‘lic chief process in rehabilitating, the cotton industry in our 
f'dUiitry during the postwar period is to increase the yield per unit 
ai\‘a ; !ienrx\ the introduction of good varieties is of great importance. 
Arcurding to the results of our “Regional Tests”, we are sure that 
4 itirav culled Ambassador 4, bred by the Stoiieville Pedi- 
f n vil d(‘i‘d do., Stoiieville, Miss)., is welladaptedin the Yellow River 
Valley (uveriiig the Provinces of Hopeh, Honan, Shangtung, Shansi, 
Sliorisi, Aiihueiraiid the Huai River Plain in .north Kiangsu. Delfos 
54 I is ada’pKsl to t.he provinces along the Yangtze River, including 
kiangsu, Anhuei, Hupeh, and Szechuan. In the experiments under- 
Mikvn ill the A'ellow River region, Stoneville 4 yielded an average 
of 7,.', pounds of lint cotton per acre more than other varieties, and 
in ihi‘ '\h'ingtze River region Delfos 531 yielded an average of 86 
notinds niou' ])cr neve. These two varieties will be best suited for' the 
rehal'iilitaiioii of our cotton production when the war is over. One 
other i^ariety that should be mentioned is Trice which possesses 
(idaplahilit.y over a wide range. Where Stoiieville' 4 and Delfos 531 
do not grow well, Trice can be used as a substitute for the native 
earii‘tics. 

During the war we have grown 154,000 acres of Stoneville 4 in 
Shensi Province, 46,000 acres of Delfos 531 in Szechuan P,rovince, 
and a small quantity of Trice. Our plan for the future is to provide 
sitflic*ieiit seeds of these three varieties for planting the first year after 
the Wcir for all of the war-torn cotton fields. Seed of these varieties 
sl'iould greatly increase the yield per acre. 

In, 1937, ill the re^gion along the Yellow River, there were 5,600,000 
acres of cotton. The first year the war we. plan to raise 3,000,000 
acres of vSloneville cotton in this region. With us it takes 52 pounds 
of seed per acre. We trust that besides our 'OWii production, the 
IJiiiteii States will supply us with 50,000 tons of Stoneville cotton, ' 

TIictc were 4,400,000 acres of cotton in the Yangtze River region 
hi 1937. After the war, we intend to grow 1,500,000 acres of Delfos 
< il tun in I hat area* and in the first 'year we should have enough seed 
hir ^500,000 acres. As one- acre, requires 78 pounds of .seed of this 
\Mriely, we shall need 10,000 to,ns of Delfos cotton seed from the 
Lhiitcd Stales. 

in rmr tinde iiroccss of extraction of cotton oil, the fuzz is usually 
ii ;4 reiTiovcd, and therefore is wasted* ■ We plan to establish 50 cotton 
oil mills ill ilicj various cotton-growing regions, -and we wish to obtain 
5c- whole sets of machines consisting of sand-and-boll screen, delinting 
macinrie, cottf>n seed huller, cotton. seed rolls, cooker, foniier, hydrau- 
lic press, refilling equipment, /etc., fro-mmur allies. 
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YIELD-DEPRESSION EFFECT OF FERTILIZERS AND ITS 
MEASUREMENT: IIL AGROBIOLOGICAL ANALYSIS 
OF CERTAIN MULTIPLE-FACTOR FIELD TESTS 
SHOWING DEPRESSION BY NITROGEN ^ 

O. W. WlLLCOX^ 

T he principal material for this paper was obtained from a nitro» 
gen, phosphorus, and potassium experiment with potatoes on 
an acid Sassafras sandy loam located on the Eastern Shore of Virginia 
in 1943, as reported , by R. L. Carolus.^ The fertilizer treatment 
(per acre) embraced all possible combinations of 60, 120, and 180 
pounds of N ; 80, 160, and 240 pounds of P2O5; 60, 1 20, and 180 pounds 
of KoO; and o and 120 pounds of CaO in the form of gypsum. Each 
treatment was in triplicate, giving 18 series comprising a total of 54 
treatments and 162 plots. The calcium in the form of gypsum was 
not observed to have any material effect on the yields. 

Inspection of the data reported by Carolus shows that, in every 
series, amounts of nitrogen in excess of 60 pounds significantly 
reduced the yield of tubers. On the other hand, while the yield- 
lowering effect of increasing amounts of nitrogen pervades the whole 
work, it is evident that increased amounts of phosphorus and potash 
have acted to counteract the overall depressive effect of nitrogen ; or, 
stated differently, we have before us the case where added nitrogen 
is out of nutritional balance with other growth factors concurrently 
present, and where the unbalance is at least partially corrected by 
increased additions of two other nutrients, namely, phosphorus and 
potash. Our object here is to make an agrobiologic analysis of this 
field test to the extent warranted or suggested by the published data. 

Quantitative agrobiology is based primarily on Mitscherliclfis 
law of the effect factors of the factors of plant growth, as expressed 
by the Mitscherlich-Baule normal yield equation y = 
which describes the action of any factor of plant growth, e.g., nitro- 
gen, when this factor is acting positively to promote the growth of 
plants. It has also been shown that when this same factor is supplied 
to the crop on an otherwise normal soil in amounts that are out of 
due proportion with other plant nutrients, it acts negatively to de- 
press plant growth. In that case the whole action of the growth factor 
is described by Mitscheriich’s depression equation y = 

where the coefficient k measures the depressive effect. 

In approaching this case it will be helpful to have in mind the 
general configuration of the Mitscherlich yield-depression diagrain, 
which shows a family of curY^^es calculated for different values of k, 
as in Fig. i. On this diagram (here abridged) it will be noted that 
each depression curve branches off' from the normal curve and at 
first continues to rise with an outwardly convex profile to a certain 


^Received for publication Februarjr 5, 1945. Previous papers in this series 
will be found in this Journal, 36:20-29, 1944; 37:9-20, 1945. 

■^Consulting Agrobiologist, 197 Union St., Ridgewood, N. J. 

^Carolus, R. L. Influence of nitrogen, phosphorus, potash, a.nd calcium on 
tuber and foliage weight of potatoes. Anier. Potato Jour., 21 , No. 7:1.99 -203, 1944. 
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iraximiinL or peak, P. -After passing the peak the cttrve, still oiit- 
wrirdly convex, turns down. Farther on it reverses its curvature 
and 1 hen presc^ni s a. concave profile. By drawing a broken line through 
the peaks and ^ another through the points where the curvature 
rev(‘rsi*H, we divide the field of the diagram into three regions which, 
for «v>iiyc‘nien(X‘ of disiUission, we designate as A, the region of positive 
convexity whovQ the yield still increases; B,' the region of negative 
y where the yield decreases; and'C, the region of concavity 
wliyTc tile curve s asymptotically approach the line of zero, yield. 

To facilitate the agrobiologic . diagramming and discussion of this 
!ieid test it is well to regroup the data of Garolus, as shown in Table i. 
Tilts tiihh presents the whole -work' in three' sections, each section 
(lisplayirjg Ihc^ cllcet of one of the three principal factors in i8 series, 
ineluduigTreatnients with -and "without CaO rn the form of gypsum, 
w lore' 11 this factor "vas varied against a fixed base fertilization com- 
posed of^lhe other two factors. We -are. thus enabled to, draw 1 8 yield 
curves snowing the effects of graded -increments of a given factor 
uiiflcr iS different conditions that were kept constant in a particular 
in ■ series. 
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Table i.-Effect of N, P, K, and CaO o,, potato yields { Carolus), 

The Nitrogen Factor 


Base fertiliza- 
tion, lbs. per 
acre 


P2G5 

KoO 

80 

60 

80 

120 

80 ^ 

180 

160 

60 

,160 

120 

160 

180 

240 

60 

240 

120 

240 

1 80 


N, 

P2O5, 

lbs. 

lbs. 

per 

per 

acre 

acre 

60 

60 

60 

120 

60 

180 

■ 129 

60 

120 

120 

120 

180 

180 

60 

180 

120 

180 

180 

N 


lbs. 

lbs. 

per 

per 

a('re 

acre 

60 

80 

60 

160 

60 

240 

120 

80 

120 

160 

120 

240 

180 

80 

180 

i6o 

180 

240 


N, 


Series 

No. 


Yields, bags 


lbs. per acre, 
without CaO 


per acre 


Series 

No. 


N, lbs. per acre, 
With CaO 


I 

II 

III 

IV 
V 

VI 

VII 

VIII 

IX 


60 

120 

III 

98 

114 

99 

106 

104 

119 

nr 

123 

117 

134 

118 

126 

122 

m 

12 1 

127 

134 


180 


90 

X 

91 

XI 

87 

XII 

107 

XIII 

103 

XIV 

106 

XV 

102 

XVI 

105 

XVII 

1 12 

XVIII 


Phosphoric Acid Factor 



60 

120 

109 

106 

■I 05 

105 

1 12 

105 

1 17 

' 1 13 

128 

1 12 

128 

120 

125 

1 19 

128 

120 

C35 

131 


i8o 


95 , 

91 

90 

■99 

98 

117 

no 

log 

123 


Series 

No. 

P2O, 

, lbs, per acre 

Series 

P2O5, lbs. per acre 

80 

160 

240 

No. 

80 

160 

240 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

in 

1 14 
106 

98 

99 
104 

90 

91 

87 

119 

123 

134 

in 

1 17 

118 
107 
103 
106 

Potash 

126 

J35 

127 
122 
121 

m 

102 

105 

112 

Factor 

X 

XI 

XII 

XIII 

XIV 

,xv 

xvr 

XVII 

XVIII 

109 ^ 
115 

1 12 
106 
105 
105 

95 

91 

98 

1x7 

128 

128 

113 

112 

120 

99 

98 

1 117 1 

12,5 

128 

135 

119 

120 

,131 

no 

109 

1 123 

Series 

Na 

K2O, 

lbs. per acre j 

Series 

j X2O, lbs. per acre 

XNU, 




No. 





60 

120 

’ 180 


60 

120 

180 

I 

11 

in 

IV . 
V 

VI 

vn 

VIII 

IX 

III 

1 19 
126 

98 

in 

122 

90 

107 

102 

114 

123 

135 

99 

117 

121 

91 

103 

105 

106 

134 

127 

104 

Ii8 

134 

106 

1 12 , 

X 

XI 

xn 

XIII 

XIV 
XV 

XVI 

XVII 

XVIII 

109 

117 

125 

ro6 

113 

119 

95 

99 

1 10 

115 

128 

128 

105 

1 12 

120 

91 

98 

109 

ri2 ' 
128 

X35 

.105 

120 

131 

98 

117 

123 
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Table I, — Concluded. 


General Averages 


N i i rogeii ireatmei'! ts 

Phosphate treatments 

Potash treatments 

N, IIjs. } Yielfp bags: 

P2O5, lbs. 

Yield, bags 

K2O, lbs. 

Yield, bags 

I'lC’.r arre * |)er arre 

_ .J 

|;»er acre i 

per acre 

per acre 

per acre 

60 1 122 

80 

102 

60 

109 

120 1 1:14 

160 

115 

120 

1 12 

i/su ; i02 ' 

240 

12 1 

180 

116 


\\a? "first plot the yields of tubers in the.iS nitrogen series against 
lilt* thrc'c Inrttrnents with this factor :'6o, 120, and 180 pounds per 
!inv, Sinci* sonic of the curves that may be drawn from these data 
o\xiiop a.i'ih some of the individual yield points are obviously erratic, 
it would he confusing to show them all on one diagram. We therefore 
select- five from the larger' number that appear fairly representative. 
11ie data of the five selected series, which cover the range of addi- 
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Table 2.- — Numerical data of the curves shown in Fig. 2 . 


Series 

No. 

Fertilizer applied, lbs. per acre 

Yield of tubers, 
bags per acre 

N 

P2G5 

K2O 

I 

60 

80 

60 

III 


120 

80 

60 

98 


180 

80 

60 

90 

II 

60 

80 

120 

1 14 


120 i 

80 

120 

99 


180 

80 

120 

91 

III 

60 

160 

60 

I IQ 


120 

160 

60 

^13 


180 

160 

60 

107 

IV 

60 

240 

120 

125 


120 

240 

120 

I2I 


160 

240 

120 

,107 

V 

60 i 

240 

180 

135 - 


120 ■ 

240 

180 

! 131 


180 1 

240 

180 

123 


tions of phosphate and potash from the smallest to the largest are 
shown in Table 2 and in Fig. 2. 

While the depressive action of increased nitrogen is plainly evident 
in every series, it is equally plain that increased amounts of potash 
and phosphate have raised the overall yields, i.e., the curves lie 
progressively higher in the diagram. Of course, anyone could tell 
as much merely by looking at Table 2, but what chiefly engages 
our interest are the configurations of these curves. The family 
resemblance between the curves of Figs, i and 2 easily attracts 
attention, even though the curves of Fig. 2 are only segments of the 
whole curves that might be drawn if we had more experimentally 
determined points. Thus, curves I and II are frankly concave, with 
their left-hand ends pointing steeply upward. They are obviously 
segments of depression cmwes that have extended beyond the point 
of curvature reversal, and therefore they belong in region C (compare 
the two lower curves in Fig. i, for which the values of A? are 0.15 and 
0.06). Curve I, which is the most depressed, corresponds with the 
lowest additions of phosphorus (80 pounds) and of potash (60 
pounds) ; curve II lies somewhat higher, evidently due to the presence 
of 120 instead of 60 pounds of potash. On the other hand, cmwes IV 
and V' are negatively convex and hence must lie in region B (compare 
the two upper curves in Pig. i where the k values are 0.03 and 0.0 1). 
Curves IV and V correspond with the largest additions of phos- 
phorus and .potash., Curve III occupies an intermediate position; 
its concave profile is much flattened. 

^ The corrective influence of phosphoras and potash on the depres- 
sive action of nitrogen in these series of experiments may be agro- 
biologically summarised thus: With progressive increase in the 
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anioiiiits of added, phosphate and potash, the magnitude of the depres- 
sion factor k involving nitrogen is progressively reduced. The visible 
of this decrease' of k is that not only are the experimental 
ctirws lifted higher in the diagram, but also they are eventually 
moved out of region C into region Bhit is to be noted, however, that 
the action of phosphate and potash has stopped short of lifting the 
yiekl points to the position of a normal curve and has not even 
pro(iii(‘cd a yield curve lying partly in region A, though the left-hand 
end nf cur\T V seems to lie near its peak. The corrective effect of 
pumsh on }deld-dcpression by nitrogen has been exemplified in a 
pmx inns p:iiK‘r (this Journal, vol. 37, page 18). 

I'rom 1 lie general facies of Fig. 2 we can draw some conclusions that 
ihirly safe. One is that this field was heavily supplied with 
rhrnei'n 'oelnrc the experiment was begun. We get an inkling of this 
.siniatinii fnitn the account given by Carolus of the antecedents 
of |lii‘ 1943 experiment, which was preceded by similar experiments 
in 1042 and 1941. The yields in those years were extremely poor, 
due to dry seasons, which, according to Carolus, must have resulted 
ill an acciunulation of residual nitrogen. In the summer and fall of 
1042 the field was green-manured with sorghum which, favored by 
tl'Ui rains, iTia.de an extremely heavy growth that undoubtedly pre- 
\a/nied the leaching of this nitrogen, and when plowed under in 
XnvcmhvY must have produced a large volume of nitrifiable organic 
siilisiance. ' ' ' ' 

can use an indirect method of obtaining a presumptive idea 
the amount of this accumulated nitrogen. As noted above, all the 
curves of Fig. 2 are frankly depression curries. The three lower curves, 
I, I.r, and III, being concave, must lie far to the right of their theoreti- 
cal, peaks, although the data give us no means of exactly locating 
these peaks. However, WT’e may follow a clew which seems to be/ 
afforded by curve V, the least depressed of the five. It will be ob- 
served that at its left-hand end curve V is nearly horizontal, suggest- . 
ing that it begins at or near its theoretical peak,. Also, to judge from 
its gimeral appearance, curve V is a. segment of a curve that would 
about UiitKfide with the equivalent of' a curve like the upper one in 
Fig. I . T» ) vi'rify these assumptions we would have to make an experi- 
(1(‘U‘n 111 nation of the norm,al, undepressed nitrogen curve on 
this held. Assuming, then, that cuiwe V is about the equivalent of 
the upper (urve in Fig. i, and that its front end lies at the peak, we 
drop a perpendicular from. P (Fig. i) and observe that this perpendi- 
culm* cuts tile horizontal axis at a point corresponding to 2.5 baules, 
wiiich w'e may regard as measuring, the average amount of soil 
im mgen in this potato field after the- first addition of 60 pounds. 
The next highe.r addition: brought, this amount to 2.77 and the third 
to 3.04 baules of nitrogen. ' 

^ itself, 3 baules .of soil ^ nitrogen (669 pounds) is. not an excessive 

amoiinl, being that quantity that, is required to produce 87.5% of 
airvmnaximum crop A. To. produce around . 96% requires 6, baules. 
An immediate question arises in the present case as to whether 2.^ 
to 3 baules of N are relatively excessive as regards the amounts of 
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phosphate and potash originally present plus what was added for 
the experiment.' This question is of importance because yield depres- 
sion on this field is associated with the nitrogen factor and an excess 
of nitrogen over the ■ .other factors has often been noted to cause 
depression. Excesses of phosphate and potash over nitrogen are 
usually much less depressive. 

The data recorded by Carolus enable us to measure the average 
amounts of soil phosphorus and potash that come into considera- 
tion. In contrast with nitrogen, which has acted negatively to keep 
down the yields, both phosphate and potash have acted positively 
to increase them. We see this from the fact that the higher incre- 
ments of these factors have generally produced larger yields than the 
lower ones, and when these yields are plotted we get rising instead 
of falling curves. For example, a random selection of graphs of five 
of the individual potash series is presented in Fig. 3. Although these 
five curves have a generally upward slope we observe considerable 
scattering of the yields, which are distributed haphazardly above 
and below or on their median curves, and the indicated A values 
differ considerably. Hence, none of these curves, taken singly, can be 
accepted as representative of the whole field. However, when we take 
the general average of all 18 series of the potash section, we get a 
diagram (lower right corner of Fig. 3) where the yield points lie 
quite close (maximum deviation less than 2%) to curve A = 120 as 
their median. Noting the position of the first yield point of this curve 
above the horizontal axis, we find that this point corresponds to 3.2 
baules of potash, while the highest yield point corresponds to 4.51 



BAULES OF POTASH 

Fig. 3.— Curves of ^ five individual series and the general average of the ^deld- 
increasing effect of potash in Carolus' NPK experiment. 
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F'ig. 4." Curves of five individual series and the general average of the yield- 

increasing effect of phosphate in Carolus’ NPK experiment. 


battles. Therefore, the average amount of potash in action in this 
experiment was not less than the amount of nitrogen. 

,A similar situation exists in the phosphoric acid . section , of the 
experiment. Fig. 4 presents a random selection of five of the individual 
phosphate ^series. The haphazard distribution of the yield points and 
the variability of the A values are again in evidence, audit is again 
left to the general average of all 18 of the phosphate series to show, a 
fit of satisfying ciose.ness on curve A 120. Thus, the aver- 
ages of both the phosphate and the potash sections settle down^ on 
the same normalcurve, which defines their maximum yield-producing 
under t,he average conditions of this test. The agrobiologic 
significaiire of this apparent coincidence will be pointed out below. 
Ill tile mean time it will be noted that after the addition of the first 
increment ^of phosphate the soil contained 2.5 baules of P2O5 and 
after t^lie highest addition 6.15 baules. Therefore, the average amount 
of phosphate in action was not less than the average amount of nitro- 
gen.^ 

thus appear obliged to conclude that ' the yield-depressing 
effect of nitrogen in this test was not due to a preponderance of 
nitrogen over phosphate or potash, '.and there is nothing elsewhere 
m the record on which to fix responsibility for the condition of un- 
balance. It is very certain that the depressive.. action of nitrogen was 
markedly counteracted ■ by the additions’, of phosphate and potash, 
but, as previously remarked, .The' ■■■■'■quantities of these factors used 
ieil short of converting^ the nitrogen depression curve into a normal 
one, and the question might arise of whether normality of nitrogen nu- 
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tritioii could have been attained by using still larger amounts of phos- 
phorus and potash. However, a reference to the general average 
diagrams of Figs. 3 and 4 seems to preclude this. Thus, the diagram of 
the average for phosphorus shows a final content of 6.1 5 baules of this 
factor in the soil, which is sufficient for above 96% of anj- maximum 
crop. The potash average curve shows a final potash content of 4.55 
baules, sufficient for a 95% yield. There is not much margin for fur- 
ther increase in either case.. It is perhaps possible that the depression 
was due to an involvement of nitrogen with some other deficient 
factor, which might be one or another of the minor nutrients, or it 
might be the low soil pH, but the circumstances so far as disclosed 
ill the record give little room for speculation. At any rate, the 
phosphate and potash treatments failed to normalize the nitrogen 
nutrition, leaving what is presumed to be a wide gap to be closed by 
discovery of the responsible factor. The largest yield obtained by 
Carolus in this test was 135 bags (225 bushels) which has to be re- 
garded as moderate in comparison with the known ‘'quantity of life’' 
of the potato agrotype. 

DISCUSSION 

The law of the effect factors of the factors of plant growth was an- 
nounced by Mitscherlich in 1909. This fundamental principle of 
agrobiology says that “within every factor of plant growth there 
resides a perfectly definite effect factor that is independent of other 
cultural conditions and is independent of the nature of the plant 
itself'. It is now 36 years since this principle became known and 
there are still some agronomists and plant physiologists to whom 
it is meaningless. This is perhaps because of their lack of familiarity 
with the" accumulated evidence, not to mention the evidence which 
many of them could perhaps find buried in their own undigested 
experimental data. At this late date it is hardly nccessaiy to make 
new experiments to obtain proof of the validity of the Mitscherlich 
law. The proof may be found in every field test that has been ade- 
quately replicated and competently executed, and the work of Carolus 
is an example in support of that statement. 

This work may be examined first for proof that the effect factor 
of a growth factor is independent of other cultural conditions. What- 
ever may haA^e been the cause of the depressive action of nitrogen 
in this experiment, it did not act to prcA^'ent either phosphate or 
potash from fulfilling their roles as factors of plant growth according 
to the normal laAV of crop increase as expressed in the normal yield 
equation y = A(i — Looking at the general average curves 
shown in Pigs. 3 and 4, we see that the effect of potash has closely 
followed the cmwe of the equation y = 120(1 — 10"^ and that the 
effect of phosphate as closely follows the same curve. Thus, both 
these factors conform to the effect law regardless of the special 
circumstances (possibly of a physiologic or toxic order) that have 
affected the nitrogen factor. Throughout the experiment the depres- 
srce action of nitrogen was opposing the yield-producing energy of 
phosphate and potash and limited the average A values of these 
factors to X20 bags; but within the limits permitted by the existing 
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physiologically hostile condition, .the phosphate and the potash 
obeyed the law. 

Many agronomists and plant physiologists find special difficulty 
in accepting the principle, derived from the effect law, that all plant 
species require the same concentrations of a given factor of plant 
growth to produce the same percentages of their respective maximum 
crops. The inverse of this proposition is that the same quantity of 
a named growth factor will produce the same percentage of the 
maximum yield of any plant, which amounts to saying that i Baule 
unit of any factor has the same yield-producing potential as i baule 
of another factor. This principle runs counter to much experimental 
evidence that seems to show that some crops have different requim- 
ments for different nutrients. The writer has examined much of this, 
contradicting evidence and has found none that is exempt from 
criticism, but without going farther into that let us see what the work 
of Carolus has to show. 

Referring again to the curves of the general averages for potash 
and phosphate in Figs. 3 and 4, the potential A value of each of these 
factors is 120 bags, and both approach this A value along the same 
curve. If the two curves are drawn to the same scale and superposed 
one on the other, it is seen that i baule of added potash increased 
the yield as much as i baule of added phosphate. The fact that in 
this weli-replicated test both general averages settle down on the 
same iiomial yield curve is no mere coincidence; it is the result of 
both factors obeying the same agrobiologic law. In this experiment 
there was only one test plant; how the rule works in tests with two 
different agrot3^pes will be shown in connection with Fig. 3. 

As a further example of buried evidence which supports the effect 
law space will be given to a related case which^ also involves yield- 
depression in a multiple-factor test. This case is found in an investiga- 
tion by Tolmaffi on the influence of various factors, including nitro- 
gen and phosphate fertilization, on the production of sugar beet seed. 
The data are pictured in Figs. 5 and 6. In Fig. 5 are shown five yield 
curves projected on the standard normal yield diagram, tiere the 
curves numbered i and • 2 represent a combined variety-nitrogen 
test in which two beet varieties, U. S. 12(618) and A-6oo( 5 63 9) were 
compared at three levels of nitrogen fertilizer. Curves 3, 4, and 5 
were obtained in a test at another location with another variety 
grown at three levels of nitrogen- and three levels of phosphate. These 
are. affected with nitrogen depression. 

'Besides providing a contrast between , normal and depression 
phenomena in the same district, curves i and 2 exemplify the law 
.that identical quantities of a growth factor will produce identical 
percentages of the maximum yield of any kind of plant (under nor- 
mal conditions). Thus, observe that in Fig. 5 the ordinate corre- 
sponding to 0.75 baule of nitrogen ' interse-cts curve 2 at the point 
corresponding to a yield of 6.55 units. The A value of curve 2 is 16, 
and 6 . 55 , is 40*9% of 16. The same ordinate .intersects .curve,- i. at 
the 7.34 yield, point. The Awalue,. of -curve -r -is 18 .and ,7.34 is 40.8% 

^Tolman, Bion. Sugar beet seed production in southern Utah. U. S. D. A, 
Tech. Bui. 845, 1943. ■ - . - , 
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Fig. 5. — Yield curves from Tolman^s investigation of sugar beet seed production, 
illustrating identical requirements of different agro types for a plant nutrient 
(1, 2) and the depressive effect of N in a NP field test (3, 4, 5). 


of 18. Following the same procedure with the ordinate corresponding 
to 1,0 baule of nitrogen, we get the percentage yields of 50.3 and 50.4 
in the two cases, and so on with any other ordinate that intersects 
both curves. 

This rule also applies to the normal limbs of curves 3, 4, and 5, but 
of course does not apply to the disturbed condition represented by 
the depression limbs of these curves. It should not be forgotten 
that the normal law of crop increase applies only under normal 
conditions of crop growth. The heretofore prevailing fogginess that 
has shrouded the Mitscherlich law has been due mostly to the 
inability of plant biologists and agronomists to distinguish between 
normal and abnormal yield curves. A ready means of making this 
distinction is afforded by the standard yield diagram. 

The experimental data underlying cuiwes.3, 4, and 5 are presented 
by Tolmairi as in Table 3. The data- in this table can be regrouped 
into three series, .each, showing ' yields due to nitrogen backed by 
uniform phosphate fertilization, and' three series showing yields- due 
to phosphate backed by uniform nitrogen fertilization. After con- 
verting the amounts of ammonium sulfate into equivalent baules, 
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the three nitrogen series are graphed as curves 3, 4, and 5 in Fig. 5. 
The phosphate, series are graphed in: Fig. 6. T,hese , phosphate curves 
are depression-free, thus again showing the independence of the 
phosphate factor from what is happening with the nitrogen factor. 
The looo-pound ammonium sulfate series makes a fair fit with curve 
A = 19, and the doo-pound series fits on curve A = 18.5. The regular- 
ity of the curve of the no-nitrogen (untreated) series is somewhat 
marred by an aberrancy of its middle point, but against the back- 


Table 3. — Acre yield of clean seed in a test including three levels of -nitrogen 
and three levels of phosphorus in nine possible combinations. 



Fig. 6.— Curves of the effect of phosphate at three nitroo-en levels in TolrnaiCs 
lield test for sugar beet seed production in which nitrogen ca,used yield depres- 
sion. Lower wraj, no nitrogen; middle curve ^ 600 pounds of aimnoniiun sulfaie- 

and aim, 1,000 pounds of ammonium sulfate. 
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ground of the rest of the diagram this aberrancy is insufficient 
seriously to disturb the conclusion that the action of the phosphate 
as a whole has followed the effect law, notwdthstanding the circum- 
stances that disturbed the -action of nitrogen in the same experiment. 

SUMMARY 

The foregoing discussion gives an agrobiologic analysis of a nitro- 
gen, phosphorus, and potassium field test with potatoes reported 
by Carolus. Wlien nitrogen was varied while potassium and phos- 
phorus w^ere held constant, the curves, of the yields due to nitrogen 
showed a marked depression effect which became, progressively .less 
pronounced where the applications of potassium and phosphorus 
'^vere progressively increased, but without resulting in a normal 
yield curve with nitrogen in spite of the use of approximately limit 
amounts of these two factors. This failure to substitute the nitrogen 
depression curves by a normal curve is taken as an indication that 
the nitrogen factor is involved wfith some phj^siologic or toxic condi- 
tion which, if identified and removed, would evidently permit 
much larger yields. Whatever the cause of the depre^ssive action of 
nitrogen in this case, it did not act to affect the specific normal 
nutritive action of potassium and phosphorus, as the yield curves 
due to these factors conformed to the normal yield equation y = 

I20(l 

This fact is pointed to as a consequence of the Mitsc,herHch effect 
law, which postulates that the effect factor of a growth factor is 
independent of other cultural conditions, A parallel case is cited in a 
nitrogen and phosphorus field test with sugar beet seed reported by 
Tolman, in which the action of nitrogen was depressive while the 
yield cmves due to phosphorus followed a normal course. 

Various other details of the graphs of these experiments are 
pointed out as the natural workings of agrobiologic principles th.at 
are necessary consequences of the effect law, including the rule that 
I battle of any factor of plant growth nonnally has the same yield- 
increasing potential as i baule of any ot,her growth factor, regardless 
..of the kind of plant. 


IMHERITANCE OF COUMARIN IN SWEET GLOVER-^ ■ 

E. H. Rinke^ 

T he desirability of developing a strain of sweet clover, .Melilotus 
alba, free from or relatively low in coumarin content has been 
emphasized by several plant breeders. Coumarin and its related 
compounds are the substances largely responsible for the '‘bitter 
principle” which tends to make sweet clover unpalatable to animals. 
It is also the substance which is indirectly responsible for the “sweet 
clover disease of cattle.” The symptoms of this disease are a lengthen- 
ing in the clotting time, of the blood and internal hemorrhaging. 
This condition frequently results in death of the animals. 

Investigations had been conducted for several years by various 
workers at Minnesota in an attempt to develop a strain of sweet 
clover which was low in coumarin content and possessed , desirable 
agronomic characters for this region. Inbred lines were developed 
which appeared different in coumarin content and agronomic charac- 
ters. Some of these lines were crossed and the inheritance of coumarin 
in various generations of one of these crosses is reported in this paper. 

LITERATURE REVIEW 

White and Horner (ii, 4),^ using material that showed extreme variation, 
obtained a highly significant r value for coumarin content of plants tested in 
the fall of the first year and again at early bud stage the following year. A non- 
significant correlation coefficient was obtained when the plants tested did not 
show a wide deviation in coumarin content. 

Stevenson and White (10) crossed a high (average coumarin content of progeny 
0.41%) by a low (average coumarin content of progeny 0.01%) coimiarm plant. 
The Fi was intermediate in coumarin content and the F2 had a bimodal distribu- 
tion’ with only a few of the plants being intermediate. A P vahie of .65, was ob- 
tained when the F2 generation was tested for a 3:1 segregation. 

Horner and White (4) tested Fg |)rogeny from F2 plants testing 0.00 to 0.05% 
and found that they usually fell within this range. Fg progeny from F2 plants 
testing above 0.10% either tested unifonnly above 0,10% or segregated for high 
and low. Consequently, they considered plants having 0.05% coumarin as low 
and those testing 0.10% or more as high. . . ■ 

Horner and White (4) crossed low-coumarin content strains with four strains 
of high-coumarin content. The Fi’s w^ere high in coumarin. They concluded that 
low-coumarin F2 plants bred true in Fg, one-third of the high-coumarin F2 plants 
gave progeny only of high coumarin content, and two-thirds of the high-coumarin 
plants were heterozygous for coumarin content. They suggested a one factor 
differentiation of low from high and also one or more modifying factors wdiich, 
influence coumarin content of the major factor pair. 

The alpha type, or sometimes called branch dw^arfing type sweet clover, was 
found in a field of Artie sweet clover (5) and probably is the result of a mutation. 

^Contribution from the. Division of Agronomy and Plant Genetics, University 
of Minnesota,: St. Paul, Minn. Paper No. 2222, Scientific Journal Series, Minne- 
sota Agricultural Experiment Station. Abstracted from thesis submitted to the 
faculty of the Graduate School of the University of Minnesota in partial fulfill- 
ment of the requirements for the degree of Doctor of Philosophy. Received for 
publication March, 19, 1945., , V.' 

^Assistant Professor. The writer wishes to express his sincere appreciation to 
Dr. H. IC. Hayes, Chief of the Division of Agronomy and Plant Genetics, for his 
direction and guidance in conducting this study. Thanks are also due to Dr. L J. 
Johnson, formerly Assistant Professor, in. the same division, for his advice and 
guidance during the early phases of this investigation. 

=^Figures in parenthesis refer to. “Literature Cited”, p. 642. 
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Elders (2), Kirk (7), Clark (i), and Stevenson (8) all obtained a, reasonably i^'ood 
i'A to a 3:1 ratio for common type of growth vs. branched dwarfs in studies of Fs 
progenies. 

Hfvner and White (4) did not find any evidence of linkage between tlic factor 
pair for habit of growth and the main factor f)air for high vs. low couuiarin con- 
tent. 

MATERIALS AND METHODS 

The materials used for the studies of coumarin inheritance and habit of growth 
were obtained from plant breeding studies carried on at University Faimi and 
Waseca, Minn., respectively. 

At University Farm the breeding studies had as their aim the production of a 
dwarf or Alpha t\?pe of sweet cloyer that was resistant to mosaic and black stem 
canker and of desirable agronomic type. Alpha plants grow only about half as 
tall UvS standard plants and have mamrmore branches arising from the crown 
thanjioes the standard type. The original material was an Alpha 3 variety selected 
by Kirk at Saskatoon, Sask., Canada. When grown in Minnesota this variety 
proved rather susceptible to mosaic and stem canker and the plan of breeding 
consisted of the selection of disease-resistant plants in selfed lines. The original 
Alpha type selfed lines used in the study descended from standard type plants in 
a progeny of Alpha parentage. .These plants when selfed, segregated for standard 
and Alpha type plants. Selection was continued in selfed lines for disease-free 
iUplia types. Because the Alpha type plants that were selected in these lines were 
low in seed-setting ability it was decided to cross them with selfed lines having 
good seed-setting ability. The lines used for crossing were selected at the Waseca 
station f rom a standard growth habit variety known as Waseca W^hite. These lines 
had good seed-setting ability, desirable agronomic characteristics, and resistance 
to mostiic and, stem canker. 

After the selfed lines had been selected for several years, ('rosses were made 
between various selfed X)lants and studies of coumarin inheritance and habit of 
growth were made by comparing selfed progeny of the parent plants ’with Fi, F2, 
and Fs generation crosses. 

Crosses were made under either field or greenhouse conditions by first emascu- 
lating by suction (6) and then applying pollen to the stigmas with a toothpick. 

The studies of inheritance were made under field conditions in space-planted 
nurseries. The plants grown in the field w’ere started in the greenhouse the first 
part of March and transplanted in May into rows spaced 3 feet apart with the 
plants separated by 3 feet in the row. 

Plants grown to maturity in the greenhouse were started from seed sown in 
pots the latter part of Octol>er and l;)rought into bloom in about 6 weeks by keep- 
ing soil moisture at a minimum, growing under artificial light for 18 hours a day, 
and maantaining the temperature at 70° F. 

The first crosses were made in the field in 1937 using as parents 2 -year selfed 
lines of Alpha type and 2-year selfed lines of standard type. The Fi plants and 
selfed progeny of the parent selfed lines were growm in the greenhouse in the win- 
ter of 1937-38 and vselfed seed w’^as obtained. This seed was used to plant selfed 
progeny of the parents and the F2 generations in the field in the spring of 1938. 
This material was used to study coumarin inheritance of 422 plants during the 
first year of growth anjd of these same plants during the following year of grov/th. 
Fi and Fs generation plants w^ere analyzed for coumarin content during tw^o 
seasons. The ('orrelation coefficients for individual families and the total popula- 
tion w'ere calculated. This study w^as made to learn whether determinations during 
the first year of growth were of value in estimates of coumarin content in the sec- 
ond year of growth. 

Crosses w’ere made In the winter of 1937-38 between 3-year selfed lines of 
dwr.rf and standard habit. The Pi crosses and their parents were selfed in 1939 
under field conditions. In 1940-41 plants of parental selfed lines as well as Fi and 
F2 I'lrogenies were grown under field conditions. This material furnished further 
opportunity to determine the mode of inheritance of coumarin c'ontent and habit 
of growth. 

The method used to show genetic relationships of the x>arents and progeny 
will be illustrated as follows: The original plant used as a source of all Alpha 
material was selfed and its first year selfed progeny was designated S31. Three 
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first year selfed plants were labeled S31-2, S31-3, and S31-4, respectively. A third 
year selfed line of vSa i -3 was labeled S31-3-12. A fourth generation selfed line was 
labeled vS3i"3~i2-i5A. Crosses are designated as S3 1-3-1 2-1 XC 19-1 -18- 1, which 
represents a cross of plant i in a 3-year selfed line of 831-3-12 with plant i in a 
third generation selfed line of C19-1-18, of Waseca White parentage. 

METHODS OF SAMPLING 

Approximately 120 mature leaflets were picked from the area within 4 to 12 
inches from the growing point of the stems of each plant. Care was taken to sample 
several branches of each plant. The leaves from a plant were thoroughly mixed, 
I -gram samples were weighed and immediately placed in a glass vial, stoppered, 
and stored at -io°C until time of analysis. Samples representing the first year 
of growth were taken from July 16 to 20. Second year growth was sampled be- 
tween late bud and early hoovering stages. The accuracy of the method of sampling 
was determined by analyzing the coumarin content of duplicate samples from 131 
plants. The standard error of a single determination was .05. 


METHOD OF ANALYSIS 

The method of analysis used (3) is based on Robert’s modification of that 
reported by Stevenson and Clayton (9). The term coumarin as used in this paper 
includes coumarin, coumaric acid, melilotic acid, and other phenolic bodies, and 
is reported on a green weight basis. A standard solution containing o.io mg of 
coumarin was carried through all procedures with each group of samples as a 
check on technic. 

The percent coumarin in the 1938 tissue samples was determined by matching 
hj eye the unknown concentrations against standard solutions. When a consider- 
able number must be matched, the eye soon becomes fatigued and inaccuracies 
occur. This method also necessitates the preparation of new series/of standard 
solutions every few days. In order to eliminate these two difficulties a photo- 
electric colorimeter constructed by the University of Minnesota Scientific Labora- 
tory was used to determine intensity of color in later work. 

A glass filter transmitting light of the wave length 330 to 600 millimicrons 
with an optimum transmission of 470 millimicrons was inserted between the light 
source and the coumarin solutions. The cells used for holding the solution were 
made of matched optically ground glass and 'were 15 mm x 55 mm x 55 mm. The 
galvanometer used for measuring the amount of light reaching the photo-electric 
cell w^as of the ordinary needle type with a scale of from o to 100 milliamperes. 
The intensity of the color was recorded as galvanometer deflection. 

The galvanometer deflections for a series of 13 standard solutions were plotted 
on semilogrithmic paper against the known coumarin concentrations of the 
standard solutions. A quadratic regression line was fitted to the actual data and 
by using Jhe quadratic regression data, conversion charts were prepared for 
transforming the galvanometer readings to percentage coumarin. 

ENVIRONMENTAL EFFECT ON COUMARIN CONTENT 

Isolated seed increase plots of Fg progeny, obtained from Fs Alpha t3q)e plants 
of desirable agronomic characteristics, 'were grown at University Farm in central 
Minnesota and at Waseca in southern Minnesota in 1940-41. These seed increase 
plots were a part of the Experiment Station’s sweet clover improvement project. 
Five of the Fa families grown in these plots were also grown in the sweet clover 
breeding nursery at University Farm the same season. These five families pre- 
sented the opportunity to study by means of t tests, the effects of environmental 
conditions on similar material, when grown at ' University Farm and at Waseca, 
and also to study the effect of differences in soil fertility on coumarin content 
when grown in two different fields at University Farm. 

\ CLASSIFICATION OR GROWTH HABIT' 

The F2 populations in 1939 and 1941 were classified into four plant types, 
namely, standard, intermediate standard, intermediate Alpha, and Alpha. This 
material w’-as studied for segregation of growth habit. 
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The relationship of plant type and . coumarin content was studied in the F2 
families 48 and 49 by using- the X" test for. independence. 

Values on tests of ■ significance or association which have less than i chance out 
of 20 as being due to chance alone are indicated by an asterisk (*), Values which 
ha. VC less thfin i chance out of 100 as being .due to chance alone are indicated by 
the double asterisk 

EXPERIMENTAL RESULTS 

COUMARIN CONTENT OF FIRST AND SECOND YEAR GROWTH 

The correlation coefficients of. '17 ; individual families and , of . the 
total population of 422 plants studied for coumarin in the first and 
second year growth are. presented in Table i.. 


Table i —Correlation of coumarin content for first year - growth with coumarin 
content for second year growth for individual cultures and total population. 


Culture 

No. 

No. of 
plants 

r 

Culture 

No. 

No. of 
plants 

r 

S-i4a 

15 

-.29 

S-19 

.14 

-“.30 

S-15 

17 

•13 

S-20 

v 5 

-./I 

S-i.5a 

■28 

.66*=*' 

S-23 

v 5 

•34 

S-16 

.11 1 

.42 

S-24 

7 

“•35 

S-22 

5 fi 

-.07 

S-201 

16 

^ .29 

S-iya 

18 

.34 

S~i 

i 63 

.10 

S-17 

18 

.20 

S-2 

I 44 

! ■ .2.2 

S-18 

28 

•30 

S -3 

57 

1 „ -25 . 

■S“2I 

20 

.49* 

Total 

422 

■ -f .24** 


■-‘=Si)^nificant. 
**Highly significant.. 


The correlation coefficient for S-2 1 reached the level of significance 
for the 5% point and the coiTelation coefficients for S- 15a and the 
total population reached the level of significance for the 1% point. 
All other values' are nonsignificant. Although r for the total popula- 
tion is significant, the correlation of +.23,58 is so small that it accounts 
for only about 6% of the total variation in coumarin content. On the 
average, coumarin content was higher in tests on first 3i^ear growth 
than on second year growth. 

INHERITANCE OF COUMARIN CONTENT ' 

The parental , progenies, 'Fi . generation, F2 generations, open- 
pollinated Alpha 3 ,, and common- biennial white are placed in fre- 
quency distribution classes 'for .percentage cotiiii.arin in Table 2. 

The coumarin content of the parents of each of the crosses studied 
was determined by comparing the coumarin content of the selfed 
progeny of the plants used in making the crosses with the coumarin 
content of the segregating generations. In the cross 8-31-3-12 X 
C-i 9-1-18, the coumarin content of the parent S-31-3-12, as indicated 
by its selfed progeny, had a- 1939-41 mean value of 0.186^.009% 
and was fairly homozygous .for relatively low coumarin content. 
The other parent had a -mean coumarin content of 0.5112!=. 020% 





RINKE . INHERITANCE OP COUMARIN IN SWEET CLOVER 


-^3 

5S 

fc? 

ftC 






i ^ 

•SJ * 5 ^ 


to 

« 


-Qi. 


8 


M 

W 

ffi 


tuO Cd 
oj ’i;^ 

^ c 

S 

S o 

PL, ^ 


cd o -M 

if • ^ 
o O Cd 


09 - 9 S 


a: 

rqj 


XJ 


rCJ 

a 


f9~o9 


6 i?~?l 7 




6 £~ 9 £ 


te-oe 


z 


fz-oz 


o 


6 i~ 9 i 


fi~oi 


6o-£o 


fo~o 


S:i=i 

w 


.$P 

0) 

a 



0 

VO 



xt - 


0 

* 0 

0 

0 

<N 

0 

0 

0 

M ,'?t* 

cO M 

-H 

■f] 

-H 

4 ^ 

-H 

■4 

q q 

VO 

M 

ON 


OD 

00 

*4 -H 

0 

M 

CO 

»o 

10 

10 

<NI 

rf- 

CO „ 

On CO 
q M 

d 

d 

d 

d 

6 

d 

d d 

M 

CO 

N. 

<X) 


rt 

CO 

6 

22 




h-i 


5 * 


0 \ 




- 



G- 



M 

CJ 



- 





M 


<N 




VO 

M 






t-t 






>-t 

r>. 

M 






<N 



M 



h *4 

10 

(N 






rt 

M 



M 



CO 






r-s. 

01 





CO 

M 






0 


M 


G 

10 


^ G 
ON G 

M CO 



Q 



Q 


VO 


ro *H 

'd" 

ON 

M 

CO 


j'»* 0 '\ 

rt CO 
ON 

hH 

10 


CO 


JL 


rO ro 

mth 


^ X 

t-( On 

•G- 

CO 

CO 

On 

M 

>4“ 

Cl 

0 

66 

CO 

m 

6 

m 

m 


3 

O 


- 4 -i +J 

n fi 

CU CD 

U u 


a 
+:» 
G 

s 

u u 
cd cd 
(^P-i 


CD 

g 

J 54 


G 

<D 

bjo 

O 

Ih 

a 


P4 


G 

CD 

b )0 

O 


G 


0 

G 

bjO 


O 

, G 
;,JG' 

a 


639 


640 JOURNAL OP THE AMERICAN SOCIETY. OF AGRONOMY 

and appeared relatively homozygous for high coumariii. The Fi 
generation had a mean value of o.i5-9db..o.i6% and- in tMs\cross 
relativel3" low coumarin- content appeared dominant over relatively 
high coimiariii content. ■ . ' 

The curve of the .Fo generation shows only a single mode so there is 
little evidence regarding the , number of factors involved. The P2 
generation ma}" be placed into two classes represented by the range 
of the coumariii content of the selfed parental progeny* grown the 
same year as the F2 generation. This gives the classes .06-. 2 9 for 
the low coumariii and .3o™.6o for the high. In the F2 generation 22.7% 
oid'he plants fall into the class,. 30-. 60 and .77.3% in the range of. the 
low ooum,ari,n parent. Therefoi'e, it seems probable that only a single 
major pair of factors is involved in the inherit.ance of coumariii. 
content. 

Culture S-20 which, consisted of open-pollinated plants of Alpha 
No. 3 had a mean, coumarin percentage value of 0.2 9 zb. 031 which is 
a higher content than in some of the selfed lines. Common biennial 
w^hite, an open-pollinated variety, had a mean coumarin percentage 
value of 0.13 ±.02 4. This open-pollinated variety was relatively 
low i.ii coumarin content, considerably lower than selfed lines of 
Waseca White, and gave a distribution somewhat si.niilar to the F2 
population. 

ENVIRONMENTAL EFFECT ON COUMARIN CONTENT 

Five F3 families were tested for coumarin content when grown 
at three locations. Their mean coumarin content and t values ob- 
tained when tested for significant difference are presented in Table 3 . 

As indicated by the “t” test, all of the cultures were significantly 
or highly significantly different when comparisons were made be- 
tween University Farm field X a.nd University Farm field E or 
field E and Waseca. None of the cultures differed significantly when 
com.parisons were made between field X and Waseca. The correla- 
tion .coefficients 4--977 and +.975 obtained in stud^dng association 
of coumarin content at Waseca with fields E and X at University 
Farm, are significant values. In the comparison of field E vs. field X 
at University Paim. an r of .813 -was obtained, whereas an r of .878 
is needed to reach the 5% point of sig.nificance. Although coumarin 
content was significantly influenced by environment, there still 
remained a high degree of association from one field to the. next. ■ 

INHERITANCE OF GROWTH HABIT 

The Pi pla.nts from crosses between Alpha and standard growth 
types are' of a standard type thus indicating dominance of standard 
over Alpha growth type. A wide range of variation occurred in the F2 
population and it was classified on the basis of four plant types. This 
classification scheme did not consistently fit any genetic ratio for 
segregation of characters, probably due to the inability to acc.urately 
classify intermediate types of plants. 

GROWTH TYPE VS. COUMARIN CONTENT 

Cultures 48 and 49 grown in 1940-41 were studied for independence 
of growth habit and coumarin content. Data are presented in Table 4, 
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Table '^.—Amrage percentage coumarin content, I values, and correlation 
coefficients for five Fz progenies grown at three locations. 


Cul- 

ture 

No. 

Location 

No. of 
plants 

Average 

percentage 

coumarin 

I ... 

values ' 
field E 

1 Univ. 

1 Farm field 

1 X 

i 

Univ. Farm 
/vs. 

Waseca 

“t” values 
Univ. Farm 
field X.vs. 
Waseca 

29-4 

U. Farm— E 

35 

o.30±.oi9 

347** 


1. 08 


U. Farm— X 

13 

0 .l 8 rir. 0 I 2 





Waseca 

23 

0 . 20 zb. 0 I 9 




42-57 

U. Farm. — E 

28 

1 

0,34rfc.0l8 

4.83^* i 

— 

— 


U. Farm. — X 

12 

O.I 7 rb.OI 2 




54-7 

U. Farm — E 

38 

0.24rfc:.OII 

5.22** I 

4.80'*’* 

0.65 


U. Farm— X 

22 

O.I 4 ±.Oi 6 





Waseca 

13 

0.13 ±.020 

i 



5-8 

U. Farm, — E 

29 

o.36±.oi8 

2.84** 

3.08** 

0.25 


U. Farm — X 

16 

0.29 ±.032 





; Waseca 

H 

o.26±.030 




44-60 

U. Farm— E 

20 

0.25±.020 

2 .i8 ^‘ 

5.03^'=*= 

0.92 


U.Farm— X 

5 

o.i4±.024 





Waseca 

' 23 

O.I 2 ±.OI 4 





^Significant. 
**Highly significant. 


Table 4. — for independejice of growth habit and coumarin content. 


Classes for growth habit 

Coumarin classes in i /lOO of 1% 

0-14 

15-29 

Above 30 

Total 

Standard. 

8 

24 

7 

39 

Intermediate standard 

II i 

28 

17 

56 

Intermediate Alpha 

9 

31 

II 


Alpha — 

I 

14 

II 

26 

Total. 

1 29 

97 

1 46 

172 


= 8 .24 1 o P = approximately .2 0 


for independence equals 8.2410 which gives a P value of ap- 
proximately .20. This indicates that , coumarin content and growth 
habit are inherited independently .of each other as a variation as. 
great as the observed would, be expected to occur about 20 times out 
of 100 due to chance variation alone. ' 

SUMMARY 

A study was made of the manner of inheritance nf coumarin con- 
tent of sweet clover in a cross between inbred lines that differed in 
coumarin content. Inheritance. of the dwarf branching habit also was 
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studied in the same, cross. The. analytical method used to determine 
coumarin content does not.' separate coumarin, coumaric acid, 
melilotic acid, and other phenolic bodies from one another so the 
term coumarin as, used in this study includes these substances and is 
reported on a green weight basis. 

, In the cross studied the mean coumarin content of the Fi genera- 
tion , .approached closely the mean coumarin content of the low 
coumarin parent and it appeared that in this cross relatively low 
coumarin was dominant over high . coumarin. Approximately 77% 
of the F2 population fell in the range of the low coumarin parent 
and 23% in the range of the high coumarin parent when all the ma- 
terial was grown the same year. Therefore, it seems probable that a 
single major factor pair is involved in the inheritance of coumarin 
content. The distribution of the F2 population was not bimodal. 

Fg lines from selfed plants of the Alpha type were grown in two 
different fields at University Farm and also at Waseca in southern 
Minnesota. The mean coumarin values for field E were significantly 
higher than the mean coumarin values in the other field or location. 
The degree of association of coumarin content between the different 
fields and locations as indicated by r exceeds or closely approaches 
the 5% point of significance. 

A higlily significant correlation coefficient of +.2358 indicates 
that it was not possible within the range of coumarin content studied 
, to detennine accurately the coumarin content of second year growth 
by measuri.ng the coumarin content during July of the first year's 
growth. Growth habit and coumarin content do not appear to be 
associated with each other on the basis of a study by the test for 
independence. 
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REGISTRATION OF VARIETIES AND STRAINS OF OATS, XIV^ 

T. R. Stanton^ 

T he thirteenth consecutive report on the registration of improved 
oat varieties was published in May 1944.^ During the past year, 
only one variety 5 described below, was submitted and approved for 
registration. 

Group and Varietal Name Reg. No. 

Midseason white : 

Mission 104 

Mission (C. L 2588)^ originated from a cross between Markton 
and Victory made at the Aberdeen Substation, Aberdeen, Idaho, by 
G. A. Wiebe in 1923. From this same cross, the previously registered 
Bannock, Huron, and Bridger varieties were derived.'^ 

Some of the most vigorous selections from this cross that had been 
resistant to smut in tests at Aberdeen were sent to the Montana 
x\gricultural Experiment Station at Bozeman and its branches at 
Havre and Moccasin, Montana, in 1929, where several of the most 
promising selections have been tested up to and including 1944. 
Among these selections is C. I. 2588, which proved to be superior in 
yield, quality, stiffness of straw, and resistance to smut. It was 
primarily through the continued good performance at the North 
Montana Branch Station at Havre that Mission was selected as an 
improved variety for dry land production. It was named Mission in 
1944, and is being increased in Montana for distribution to farmers 
for growing principally on dry land. Mission is a product of coopera- 
tive research between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, and 
the Idaho and Montana agricultural experiment stations. Many 
workers had a part in its development. 

The application for the registration of Mission was submitted by 
S. C. Litzenberger and Royse P. Murph}?^, Montana Agricultural 
Experiment Station, Bozeman, Mont., who furnished brief descrip- 
tive notes on the variety in addition to data on yield and quality. 

Mission is a medium tall, early to midseason oat of the sativa t3pe, 
with spreading panicles, a relatively stiff straw, and plump white 

l^Registered under cooperative agreement between the Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering, Agricultural Research Administration, 
U. S. Dept, of Agriculture, and the American Society of Agronomy. Received for 
publication. May 26, 1945. 

‘^Senior Agronomist, Division of Cereal Crops, and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, member of the 1944 committee 
on Varietal Standardization and Registration charged with the registration of oat 
varieties. . , , . 

‘^Stanton, T. R. Registration of varieties and strains of oats, XIII. Jour. 
Am,er. Soc. Agron., 36:445-446, 1944.-- 

^C. 1. refers to accession number of the Division of Cereal Crops and Diseases. 
^Stanton, T. R. Registration of varieties and strains of oats, VIII, X, and XII. 
Jour. Arner. Soc. Agroii. 30:1030-1036, 1938; 33:246-251, 1941 ; and 35:242-244, 
1943. 
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kernels. It is highly resistant to the races of loose and covered' smuts 
of oats found in Montana. 

Tlie average acre yield and test weight of Mission, Gopher, and 
Bridger, obtained for various periods on dry land at four stations and 
on irrigated land at three stations in Montana are given in Table i. 


Table i. — Average yield and test weight far ^ Mission, Gopher, and Bridger oats 
grown in replicated yield experiments at various locations on dry and irrigated 
land in Montana for the period of years indicated. 



Number of 
years grown 

Mission C. 1. 2588 : 
(new) 1 

Gopher C, I. 2027 i 
(standard, drv’' land) 

Bridger ;C...L. 2611 
(standard, irrigated). 

.Location 

Test 
weight, 
lbs. i 
per bu. : 

i i 

1 

Grain 
yield, bu. 
per acre 

1 ; 

Test 1 
I weight, 
lbs. 

per 'bu. 1 

i 1 

Grain 
yield, bu. 
per acre 

1 Test 

1 weight, ! 
lbs. 

per bu. 

Grain 
yield, bu. 
per acre 


Dry Land 


Havre. . . 

10 

354 

41. 1 

33-5 

40.7 

— 

— 

Huntley . 

i 

35-2 

103.0 

34-0 

96.1 

32.. I. 

95*0 

Kalispell 

5 

33-7 

84,2 

31.1 

81.8 

31.2 

82.9 

Moccasin 

5 

36.1 

49-1 

34-3 

47.4 

— -- 

— - 




Irrigated 




B 0 z e - 








man 

5 

39-9 

121.3 

39-1 

'^'9 

39*1 

147.7 

Corvallis 

2 

3B.6 

109.7 

39*3 

03.8 

39-5 

125.2 

.Huntley 

I 

35.8 ■ 

92.9 

35*3 

94.9 

39.3 

90.1 


Mission combines the excellent grain characters of Victory with 
the smut resistance of Markton. Under irrigation, it has been the 
equal of Gopher and Bridger in test weight, but has been less pro- 
ductive. On. dry land, Mission has been superior both to Gopher and 
Bridger in test weight and ^deld which, together with its shorter 
straw and earlier maturity, makes it a more desirable dry land variety 
than the later, taller, and larger strawed Bridger. For further yield 
data on Mission, see reports by Coffman.® 

; ^Coffman, P. A, Results fro.m the cooperative coordinated o.at breeding nurser- 
ies for 1942, and the uniform winter-hardiness' nurseries' for 1942-43, 'U. S. D. A., 
Mimeograph publication. 1943. 


BAELEY VARIETIES REGISTERED,' 

H. K. Hayes' 

S IXTEEN varieties of barley have been approved for registration 
previous to this report, one variety having been registered in 
1.943, the last report appearing in the Journal in May 1944.®^ An 
additional variety named Reno has been approved for registration. 
The following brief history is quoted from Swanson and Laude.^^ 

RENO, REG. NO. 17 

“Reno is the principal variety of winter barley grown in Kansas. 
It is not a pedigreed strain, but comes from selected heads from the 
adapted strain known as ‘SouthcentraF from the farm of J. A. John- 
son of Hutchinson, Kansas. The selected heads were increased by 
Walter C. Peirce of Hutchinson, in cooperation with the experiment 
station. The first farm supply of seed was distributed by Mr. Peirce 
after approval for certification in 1939. Reno is a six-rowed, lax- 
headed, strong-awned variety, and is most winterhardy and the 
highest in yield of the winter types tested in Kansas. The plants tiller 
freely and lodge rather easily.” 

Comparative yields of Reno and Missouri Early Beardless have 
been made in south central and southeastern experimental fields in 
the region that was considered by Swanson and Laude to be best 
adapted to winter barley. The results of these trials and of trials 
made at Manhattan, Kans., are summarized in Table i. 


Table i. — Comparative yield in bushels per acre of Reno and Missotm Early 
Beardless winter barleys in various trials in south central and southeastern 
Kansas and at Manhattan ^ Kans. 


Name of field 

i 

Years 

tested 

Yield, bushels per acre 

Reno 

Missouri Early Beardless 

South Central Kansas 


Wichita . 

6 

41-3 

33-2 

Kingman 

7 

23.1 

^ 7-3 

Hutchinson 

2 ■ 

34-7 

21.7 

Southeastern Kansas 


Columbus . 

■ 7 . 1 

34-8 

21.2 

Thayer. 

' 4 ' i 

' 25.7 

18.7 

Manhattan. . . . 

7 ‘ 

20.2 

. I4.I 


^Registered under a , cooperative agreement between the Bureau of Plant 
Industry, Soils and Agricultural Engineering, IT. S. Dept, of Agriculture, and the 
American Society of Agronomy. Received for publication May 26, 1945. 

-Chief, Division of Agronomy and Plant Genetics, Department of Agriculture, 
University of Minnesota, St. Paul, Minn. Member of committee on Varietal 
Standardization and Registration of the Society charged with the registration 
of barley varieties. 

^Hayes, H. K. Barley varieties registered,. IX. Jour. Amer. Soc. Agron. , 36 :444. 
1944. . 

^Swanson, A. F., and, Laude, H. H. . Barley ■ production in Kansas. Kans. 
Agr. Exp. Sta. BuL 318. 1943. ■ 



646 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

REGISTRATION OF IMPROVED FLAX VARIETIES, IIP 

A. C.Arny^ 

I N THE first report on registration of improved varieties of flax, 
ptihlislied in the September .1943 issue of the Journal, two 
varieties were described. In the second report, published in the May 
1944 issue ot the Journal,., t'wo additional varieties were described. 
Three vmieties, Arrow, Renew, and Koto, have been , approved for 
registration in 1944. , „ ’ , ‘■ 

ARROW REG. NO. 5 

ArrotY (C.I. 1070) w^^as developed through cooperation betwee.ii 
the Montana Agricultural Experiment Station and the Division of 
Cereal Crops and Diseases, U. S. Dept, of Agriculture. This new 
variety is a selection from a cross between Bison and Renew made 
by A. C. Dillman at Bozem.an in 1938. The selection from wfiiicli 
Arrows was developed \Yas made from the F3 generation in 1940. It 
was tested at the Montana, North Dakota, and Minnesota experi- 
ment stations and found to be immune to North American races of 
rust, Melampsora lini, and to have resistance to wilt, Ftisaritmt Uni, 
and pasmo, Sphaerella linornm, similar to the Bison parent. The plants 
are inid-lieight, 24 to 30 inches, relatively resistant to lodging,, and 
midseason in maturity. The flowvu's are funnelform with deep blue 
petals similar to those of Bison. The bolls are semidehiscent, the septa 
cili.ate. The seeds are brown, midsize, 5.0 to 7.5 grams per 1,000 seeds, 
and the oil content and iodine number of tlie oil satisfactory. 

Based on yield tests (Table i), Arrow was placed on the recom- 
mended list for seed procliiction in all tlax-growdng areas of Montana. 
■Increases d,uriiig the winter of 1942-43 at the Imperial Valley 
Experiment Station, El Centro, Calif., and under irrigation near 
Bozeman in 1943, provided 18,000 pounds of foundation seed for 
■ distribution to growers of certified seed in Montana for planting' in 
■ 1944. 

RENEW REG. NO. 6 

Renew (C.I. 839) was developed cooperatively by the Division of 
.Cereal Crops and Diseases, TJ. S. Dept, of Agriculture, and the 
■Northern Great Plains Field Station, Mandan, N. Dak, J. C. Brins- 
made made the cross Newland X (Reserve X Morye) in 1930 to 
combine the nist resistance of New^land with the wilt resistance of 
the hybrid, Reserve X Morye. Selections \Yere made in 1934 and 
planted in triplicate 5-foot rows in the wilt nursery at Mandan in 
1935. Renew was one of these selections. Renew is immune to i*aces 

Registered under cooperative agreement between the Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, Agricultural Reseai'cli Administra- 
tion, U. S. Dept, of Agriculture and the American Society of Agronomy. Received 
for publication May 26, 1945. 

-Associate Agronomist, Division of Agronomy and Plant Genetics, Department 
of Agriculture, Forestry and Home Economics, University of MinnCvSota, St. 
Paul, Minn. Member of Committee on Varietal Standardization and Registration 
of the Society charged with the registration of flax varieties. 
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Table i. — YieMs in bushels per acre of Bison, Koto, Renew, and Arrow flax in 
replicated three-row plots wider irrigation and on dry land stations in Montana. 


Year 

grown 






Sig, 

Bison 

Koto 

Renew 

Arrow 

difference 
at 5% point 


Bozeman* 


1940 

31.8 

33-7 

28.6 

— ; 

6.0 

1941 

37.1 

34-5 

38.5 

— 

5.0 

1942 

28.5 

29.2 

25.6 

— 

7-9 

1943 

36.8 

37.2 1 

34-2 

37-1 

■ 4>9 

1944 ... 1 

30.2 

24.2 

28.4 

29.8 1 

6.3 

Av I 

32.9 

31.8 

31.1 

— 

2.7 


Huntley* 

1944 I 21.9 I 20.4 I 19.8 I 24.5 I 3.9 

Moccasin 


1940 

4.3 

4.9 

4.3 

— 

1-3 

1941 

8.8 

2.9 

8.7 



3-5 

1942 

15.0 

12.2 

154 

— 

2.4 

1943 

7.8 

6.9 

9-3 

6.7 

2.5 

,1944 

134 

12.6 

16.4 1 

1 

15.4 

4.1 

Av 

9-9 

7.9 

10.8 

— 

1-3 


Havre 


1942 

1943 ■ 

1944 

10.5 

13.9 

6.0 

11.4 

II .3 

5.5 

10.8 

12.6 

6.5 

8.3 

S-I 

2.3 

2,6 

2.4 

Av 

lO.I 

9.4 

lO.O 

— 

14 



Froid 



1943 

13-3 ; 

12. 1 

16.2 

1 174 1 

34 ■ 

1944 

II.9 1 

134 1 

20.3 

18.9 , ! 

5-3 

Av 

12.6 ! 

JO ! 

rS 0 

1 1 

3.2 


Cooperative Nurseries t 


1943 

12.3 


' 174 

. 16. 1 . 

— 

1944 

8 .6' 


II 3 

10.2 


Av. ... . ... . . 

10.5 



144 

13.2 



*Irrigated at Bozeman and Huntley. 

tAverage of six nurseries in 1943 and eight nurseries in 1944 located in northeastern Montana. 


of Ttist common in North America at the present time, only moderate- 
ly resistant to wilt, and stisceptible to pasmo. 

The plants are mid-height, 22 to 28 inches, resistant to lodging, and 
early in maturity. The flowers are funnelfomi with blue petals; the 
bolls are semi-dehiscent and the septa smooth; the seeds are brown 
and midsize, 5.0 to 6.0 grams per 1,000; the oil content of the seed 
and^ the iodine number of the oil are medium to high. 

Yield data for Renew in comparison with Bison are given in Tables 
I, 2, and 3.^ Based on these '-yields, Renew is recommended for seed 
production in North Dakota and Montana. 
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Table , 2 . — Average yields in bushels per acre of Renew, Bison, and Koh ai certain 
stations in North Dakota Jot the years indicated. 


Y ariety 

North Dakota plot tests, drilled 

Fargo, 1940-44 

Four stations, 1943-44^' 

Renew 1 

■ 14.7 

, 17.8 

Bison ^ 

13.2 

13.S 

Koto 


17.5 


=*=Edgeley, LaRgdon, Dickinsoti, and WilHston. 


KOTO REG. NO. 7 

Koto (C.L 842) was developed by the Division of Cereal Crops and 
Diseases, U. S. Dept, of Agriculture, in cooperation with the North- 
ern Great Plains Field Station at Mandan, N. Dak. J. C. Brinsmade, 
in 1930, crossed (Resen^e, C.I. 19 X Morye, C.L 112) X Bison and a 
selection grown in triplicate 5 -foot rows on wilt-infested soil at 
Mandan in 1935 was assigned the C.I. No. 842 and later named Koto. 

The plants of Koto are midheight, 24 to 30 inches, resistant 
to lodging, and midseason in maturity. The dark blue flowers are 
funnelfomi; the bolls, semidehiscent ; the septa ciliate; seeds brown, 
midsize, 5 to 6 grams per 1,000; oil content of seed and iodine number 
of oil satisfactory; straw and fiber yields satisfactory. Koto is sus- 
ceptible to one or more of the North American races of; rust. It is 
similar in wait and pasmo reaction to its Bison parent. 

' Yields obtained at five stations in the Dakotas and Minnesota are 
given in Table 3. 

Table 3.— -and relative yields, compared with Bison, of six varieties of flax 
grown in three-row plots in triplicate at Fargo and Park River, N. Dak.; Crooks- 
ton and Morris, Minn.; and Brookings, S. Dak., during the period igjg-44, 

inclusive. 


Yield per acre, bti. 


Variety 

Fargo, 

1939-44 

Park 

River, 

1941-44 

Crooks- 

ton, 

1940-44 

Morris, 

1939-44 

Brook- 

ings,- 

1939-44 

Aver-, 

age 

Per- 
cent- 
age of 
Bison 

Bison i 

13.9 ' 

19.7 

1 6.2 

15.1 

„ 147 

15-9 

,100 

Biwiiig 

164 

22.4 

, 154 1 

20.3 

15-2 

17.9 

,113 

Redson 

: 16.4 

23.7 

16.0 

18.9 i 

1:7.2 , 

18.4. 

1 16 

Crystal 

15.8 

27.0 

13.0 

^22.0 1 

. 10.9 . 

' 18.9 

119 , 

Renew 

15-7 

25.0 

16.4 

20.9 

16.6 

' 18.9 , 

1 19 

Koto 

17.2 

22,4 

19.2 

20.9 

17.7 ■ ■ 

I 9-5 

123 


In 1943, Koto was put on the. recommended lits; of varieties for 
use in Minnesota, North Dakota, and, South Dakota. In 1944, about 
2,000 acres of Koto were grown in North Dakota, 400 acres in Minne- 
sota, and 250 acres in South Dakota. 



REGISTRATION OF VARIETIES AND STRAINS OF 

ALFALFA, P 

E. A. Hollo WELL^ 

D iseases, insect pests, and different climatic hazards limit' 
successful alfalfa production unless adapted improved varieties 
are used. The progressive alfalfa grower is now asking for specific 
varieties for his particular conditions. A number of alfalfa breeding 
and improvement programs were underway before World War I, 
but these received a serious set-back during that war. One of the 
few programs which continued was at Michigan where F. A. Spragg 
and co-workers succeeded in producing a superior variety, Hardigan. 
During this period a number of varieties, strains, and introductions 
were identified and these were widely tested by state agricultural 
experiment stations and the Bureau of Plant Industry during the 
decade beginning in 1920. These tests evaluated the characteristics 
and determined the range of adaptation of such varieties and strains 
as Grimm, Baltic, Cossack, Ladak, Kansas Common, Hairy Peruvian, 
and others. 

The isolation, in 1925, of the organism Corynebacterium insidiostmt 
which causes the serious bacterial wilt disease gave a new and greater 
impetus to alfalfa improvement. Studies indicated this disease 
could be effectively controlled only through the use of resistant 
varieties. These improvement programs had their beginning in the 
search by H. L. Westover for bacterial wilt resistant strains in Tiirkis- 
tan, Asia, in 1929. Investigations indicated that resistant strains 
could be obtained by selection within certain strains or by combining 
the disease resistance of introduced strains with the more desirable 
characteristics of domestic varieties resulting in greater forage and 
seed yields. The Alfalfa Improvement Conference, organized in 1935, 
played an important part in evaluating new strains in over 40 states 
and several Canadian provinces. The Conference also served as an 
agency to focus attention on the problems involved and to correlate 
the work in many ways. 

Methods of procedure and regulations had been developed by 
certifying agencies under which seed of alfalfa varieties could be 
increased without becoming contaminated by strains having inferior 
characteristics. The need for seed certification of vsuperior alfalfas is 
emphasized by the recent finding of the high percentage of cross 

Ttegistered under a cooperative agreement between the Biireau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, U. S. Dept, of Agriculture, and the American Society of Agronomy. 
Received for publication May -26', r-945. 

^Senior Agronomist, Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, U. S. Dept, of Agriculture. Member of the 1944-45 committee on Varietal 
Standardization and Registration charged with the registration of alfalfa varie- 
ties. Acknowledgment is made to Dr. H. M. Tysdal, Division of Forage Crops 
and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, U. S. Dept, of Agriculture, for the pre- 
paration of the introductory statement. 

649 


650 JOURNAL OP THE AMERICAN SOCIETY OF AGRONOMY 

pollination effected by bees and by the results of genetic studies 
indicating that the Fi of a cross between a plant resistant to the 
bacterial wilt disease and a susceptible plant is intermediate in 
resistance. Subsequent tests have similarly shown that when a re- 
sistant and a susceptible strain are grown side by side in the field 
the seed from the resistant strain has about half the disease resistance 
of the resistant parent. The International Crop Improvement Asso- 
ciation has effectively cooperated with the Alfalfa Improvement 
Conference and the , originating stations in the increase of certified 
.seed of some of these new strains. This effective cooperation among 
the plant breeders, seed certifying agencies, and other organizations 
hastens the development of improved varieties and makes possible 
the rapid increase of superior seed for farm use. 

RANGER, REG. NO. i 

Ranger is a synthetic variety developed by compositing the five 
strains A-iio, A-iii, A-116, A-117, and A-119 as nuiiibered and 
tested in the Uniform Alfalfa Nursery Trials (4, 5, 6, 7, The 
origin of the strains was inbred lines subsequently outcrossed among 
other selected lines from the Cossack, Turkistan, and Ladak varieties 
in the proportion of 45, 45, and 10%, respectively. The strai.ns were 
developed b}^ H. M. Tysdal a,nd were composited in 1940 after .having 
been selected and tested over a period of 10 years. G. L. Peltier 
cooperated on the early phases of selection for resist. a.iice to bacterial 
wait, and T. A. Kiesselbach and H. L. Westover provided materials 
and assisted in methods of procedure, 

"Ranger, M. media, was developed cooperatively by the Nebraska 
Agricultural Experiment Station and the Division of Forage Crops 
and Diseases, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, U. S, Dept, of Agricitlture,. and was fi.rst conimerciaily 
released in 1942. It is resistant to. bacterial wilt, Corymbacteritim. 
insidiosmn, is winterhardy, and has a variegated flower color with a 
limited number of yellow-colored flowers. Ranger is slightly more 
susceptible to leaf . spot diseases, Pseudopeziza ntedicagims ' and P. 
jonesii, and leafhopper, Empoasca fabae, attacks than such standard 
varieties as Grimm and Hardigan, but it is considerably more resist- 
ant than the varieties of Turkistan origin. In seed production Ranger 
is equal to the varieties of Grimm, Cossack, and Baltic, and is superi- 
or to varieties of Turkistan origin. 

Ranger is adapted ; to the northern states, ■ particularly w^here 
bacterial wilt causes stand losses. Where bacterial wilt is not a factor 
in maintaining stands, the yield of Ranger is approximatel}?" the same 
as, or slightly less than, the best adapted varieties in the northern 
states. The yields as given in Table i .are from stands established in 
.vi.940. . , . 

. V; .At. Ames,;, Iowa, bacterial : wilt had caused stand. ax'ductioiis, the . 
effect of which is shown in the yield' data. Results presented in ' a 
more recent publication (9) ' also : show ’ the effect of the disease on 
established stands. Over 30 thousand pounds of certified seed of 
Ranger alfalfa were produced in 1944. 


Tigures in parenthesis refer to “Literature Cited”, p. 632. 
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Table i. — Comparative hay yields in tons per acre of Ranger compared with other 
standard alfalfa varieties at Mfferent locations, i g43 . 


Variety 

Colum- 

bus, 

Ohio 

Ames, 

Iowa 

Belts- 

ville, 

Md. 

Lincoln, 

Nebr. 

Aberdeen, 

Idaho 

Ranger 

2.75 

3.55 

2.85 

4-99 

9‘33 .. 

Grimm 

3.17 

2.47 

2.90 

4*59 

9-15: ,. 

'Hardistan 

2.44 

3.47 

2.28 

476 

9.49 

Kansas Common .... 

3 -o 8 

175 

2.28 

4.65 

875 

Ladak 

— 

3.01 

— 

4-79 

, 


BUFFALO, REG. NO. 2 

Buffalo, a bacterial wilt resistant selection from the variety Kansas 
Common, was made by C. O. Grandfield in 1932. This selection was 
tested for 8 years in the Uniform Alfalfa Nurseries (7, 8) under the 
ntimber A-ii. Buffalo, M. sativa, was developed cooperatively by the 
Kansas Agricultural Experiment Station and the Division of Forage 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering, U. S. Dept, of Agriculture, and was first com- 
mercially released as a variety in 1943. It is highly resistant to 
bacterial wilt, Corynebacterium insidiosttm, has purple-colored flowers, 
is high yielding, and is similar to Kansas Common in all other 
respects, being generally adapted to the central and southern states 
where Kansas Common is recommended. From limited tests, how- 
ever, -it appears to be slightly more winterhardy than Kansas Com- 
mon. Yield and stand data and a discussion of the characteristics 
are given in Table 2 and elsewhere (i, 2, 9). 


Table 2. — Comparative hay yields and stands of Buffalo compared to' Ka7isas 
Common at Manhattan, Kans.faor the years iQjg~42. 



Yields, tons per acre 

Stand survival, % 

Variety ■ 







1939 

1940 

1941 

1942 

?939 

1942 

'Buffalo . .. 

3.26 

4.01 

3-53 

3.26 

' 95 

95 

Kansas Common I 

369 

4.22 

3.18 

2.53 

' 100 

25 ■ 


Foundation seed of Buffalo is being increased and distributed by 
the KaiivSas Agricultural Experiment Station. Approximately .1,200 
pounds' of certified seed w^ere produced in 1944. 


MEEKER BALTIC, REG. NO. 3 

Meeker Baltic is a natural selection from the variety Baltic devel- 
oped during the period 1914-29 in western Colorado. A complete dis- 
cussion' of its origin is given by Robertson, et al (3). Meeker Baltic, 
M, media, has variegated flower color, is winterhardy, and is high 
yielding. It is susceptible to the bacterial wilt disease, ' 
termminsidwsufmMeQ^ Baltic, was, tested for 10 years and named 
by the Colorado ^Agricultural Experiment Station, and was first 
distributed in 1932. It is generally adapted to the northern and 
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central states where bacterial wilt is not a factor in stand survival. 
Yield data from three plantings are presented in Table 3 and else- 
where (7, 8). 

Tabli-: --Comparative yields in tons per acre of Meeker Baltic compared imth other 
standard varieties at Fori Collins, Colo,, for the period n)jo~j6. 


Variety 

3 -yea.r average, 

^ 19.30-32^ 

4-year average, 

1931-34 

3 -ycar avemge, 

1934-36 

Ateeker Baltic. ! 

i vS 45 

541 

■ 5-97 

Grimm | 

:■ 5.28 

5.24 

! 5.42 ... 

Hardistan I 

— ■ 

5-33 ■ 

■ 5 . 59 ' 

Cossack . . . . 1 

4.96 ' 


5 Y 7 
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REGISTRATIOM OF ¥ARIETIES AMD STRAWS OF 

GRASSES, P 

E. A. Hollowell^ 

T he breeding and improvement of .grasses in the United States 
received little attention previous to. 1930 with the exception of^ 
selection work with some grasses .such as timothy, ' orchard grass, 
meadow fescue, and reed" canary grass. Previous to 1930 most of 
the grass research work was directed chiefly to ' problems of culture 
and management. Organized and intensive grass breeding programs 
with both cultivated and native grasses were started in 1935 with 
the inauguration of cooperative programs between many state ex- 
periment stations and the Bureau of Plant Industry, U. S. Dept, of 
Agriculture. 

More than 70 different cultivated, introduced, and native grass 
species are included in this work. Difference in latitudinal adaptation 
within many species of both cultivated and native grasses has oc- 
curred as a result of natural selection.' Most of the grasses are cross, 
■pollinated and wide variations occur within the different species 
which offer opportunities for development of superior strains either 
by selection or hybridization. . ■ ' 

In 1941 cooperative Uniform Grass Nurseries were started to 
determine the regional adaptation and to evaluate the superior 
qualities of the more promising strains previous to general distribu- 
tion. Sixty-six nurseries were established in 41 states, most of which 
were located at state and federal .experiment stations. 

Enough progress has now been made in the development of superior 
strains to demonstrate the need for giving attention to methods of 
increasing and maintaining the genetic ' purity of new varieties as 
they become available for commercial use. Since the seed or plant 
characters 'of .improved strains may. -.not be different in appearance 
from commercial seed or plants,, the need for seed certification is 
evident, requiring integrated work .between' grass breeder, crop im- 
provement associations, seed producer and dealer to insure the main-, 
tenance. and distribution of the superior varieties. 

■' ALTA FECSUE," REa NO. I 

■ Alta fescue, a variety of tall fescue, elatior L. var. arundi- 
nacea (Schreb.) Wimm., originated as a plant selection in 1:923, 
The selection was made from a 4-year“Ol<i planting of tall fescue 

■^Registered under a ^ cooperative agreement between the Bureau of Plant 
. .Industry, Soils, and,. Agricultural Engineering, Agriculturai Research Administra- 
tion, U. S. Dept, of Agriculture-,. ■ and 'th'e American Society of Agronomy. Re- 
ceived for publication May 2.6, 1945. ■ ^ ' 

^Senior Agronomist, Division of Forage Crops 'and Diseases, Bureau of Plant 
Industry, Soils,. and A.gricultural Engineering, Agricultural Research. Admiiiistra'- 
tion, U. S. Dept, of Agriculture. Member of 1 944-45 committee on Varietal 
Standardization and Registration charged with the registration of grass varieties. 
Acknowledgment is m.ade. to M. .A. Hein,' Division. of Forage GropS' and Diseases, 
Bureau of .Plant Industry, Soils, and: Agricultural Engineering, Agricultural 
Research Administration, IJ. S. Dept, of Agriculture, for the preparation of the 
. introductory statement. 
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hy H. A. Schoth of the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agriciiltural .Engineering, U. ,S« 
Dept, of Agriculture at Corvallis, Gre., in cooperation with the 
Oregon Agricultural Experiment Station. This variet}^ was first 
distributed in 1934 and has been tested for 15 greats. Alta fescue is a 
long-lived perennial, and when compared with conimoii meadow 
fescue, a short-lived perennial, is found to have broader and coarser 
leaves, to be a heavier forage producer, and to be more resistant to 
l3oth cold and summer drought, as it produces good growth, through- 
out the summer months. It is a bunch grass, making heavy basal 
leaf growth. The seed of Alta fescue may be distinguished by close 
examination from common meadow fescue. Alta was first described 
in 1937.'' It is adapted to the Pacific northwestern states and has been 
successfully used for forage and turf purposes in the midwestern and 
northeastern states. Yield data comparing Alta fescue with com- 
mercial meadow’ fescue are presented in Table i . 


Table i.-—C(mipar alive hay yields in tons per acre of Alta fescue compared with 
commercial meadow fescue at several places * 


Variety 

Oregon 

Washington 

IMiiinesota 

Nl'oii- 

t.ana 

1942 

Ten- 

nessee 

1942 

Penn- 

syl- 

vania 

1943 

1942 

1943 

1942 

1943 

1942 

^943 

.Alta fescue. . . 

3.78 

3-54 

2.37 

1 .06 

3-67 

2.69 

1.88 

2. .30 

00 

QO 

Commercial 










meadow 







1 



fescue 

2.08 

1.74 

205 

0..51 

2.99 

2.18 

i 1 .05 

I *30 

2.20 


impublisbed data suxJpHed by cooperating state agricultural experiment stations. The 
seedings were made in ,1941, except those in Peraisylvania wliicls were made in 1942. 


, Alta fescue, in addition to its superiority over commercial meadow^ 
fescue for forage purposes, has showm coiisidera1:)le promise for turf 
purposes in airport tests in. Missouri and the Pacific Northwest. 
This strain forms a tough,' durable vegetative cover that has per- 
sisted for 3 years, making an ideal grass to use in combination with 
redtop and .ryegrass. Approximately 500,000 pounds of seed of Alta, 
fescue w’ere produced in 1944. 

AhNALL, H, N., and. Hein, M. A, Breeding miscellaneous grasses. U. S. D. A.. 
Yearbook of Agr., 1937:1053. 1937. 


NOTES 

PLANTING WINTER WHEAT AND RYE IN UNPLOWED STUBBLE^ 

W ORKERS in the winter wheat regions of the United States 
will be interested in the ■ discussion of the problem of winter 
crops , by Academician Trofim Lysenko. 

, He begins his discussion .thus, ''The question of planting winter 
crops on unplowed stubble in the prairie regions and the open sections 
of Siberia, Transural, and northern Kazakstan is one of national 
economic significance. 

"Without entering into the essence of the difference betr¥eeii 
my proposal and the old well known method, I shall enumerate the 
basic reasons which are commonly given for low yields of crops 
planted on miplowed stubbles. These reasons are ; 

“i. During dry summers it is hard to obtain germination of winter 
crops on poorly plowed fallow. It therefore follows that for crops 
planted in stubbles, (that is, in. fields which are not worked. at all 
after the har\^est) there would certainly be poor ' germination. On 
such plantings germination can be obtained only in years with ample 
rainfall during the latter half of summer. 

"2. Winter wheat in the prairie regions of Siberia seldom winters 
well even on well worked and early plowed fallow. Rye comes through 
well on ‘black' early fallow but on late fallorv, which is plowed im- . 
mediately prior to planting, even rye does not winter well. There- 
fore, planting on fields which are not plowed at all, that is, plantings 
in stubble would fail even worse. 

"3. Plowing to a depth of not less than 20 centimeters (about 8 
inches) safeguards the field from infestation by weeds. Shallow plow- 
ing on the other hand causes serious infestation. Therefore, crops 
planted in tinplowed stubble would be infested even more. 

“4. During dry summers, winter crops often suffer from lack of 
moisture even when planted. on good -black early fallow. It therefore 
follows that during dry years crops planted in stubbles will die out 
all together. This because the moisture on such fields was not only not 
allowed to accumulate but on.the contrary was being exhausted 
by the preceding xrops.' 

"'5. Plants feed on minerals. .For. proper activity of the micro- 
organisms which mineralize organic, substances it is necessary?- to 
have air in the soil. In the absence of air there will be no plant food 
and the plants will starve. ■Working over the soil produces favorable 
conditions for the access of air. From this it can be concluded that 
crops in stubbles will certainly starve. On such fields the plants will 
be small and will produce inferior grain. : ■ 

“All the explanations brought forth’ above are, as far as I know, 
widely accepted among workers- in agricultural science. 

^Excerpts from translation of “What is the Essence of Otir Propositi Regarding 
Planting Winter Crops in Stubble in the Steppes of Siberia” by Acad. T. Lysenko, 
Sotzial isticlieskoe Khoziaistvo,.5-6 : 25--36. 1944. The magazine “Sotzialistidieskoe 
Khoziaistvo” is the official organ of the Narkom.zen (Department of Agriculture 
of the U.S.S.R.). 
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'‘Until the fall of 1941 , 1 .did not doubt a single one of the accepted 
explanations of low yields obtained from crops pla.iited on unplowed 
stubble. However, in the w.mter of 1941 and spring of 1942 my obser- 
vations of winter conditions in open unprotected fields lead me to a 
firm conviction that in the Siberian prairies planting on fallow does 
not present the best conditions for wintering of crops. 

“Winter wheat on fallow^ seldom makes a crop in the Siberian 
prairies because it is as a rule winter killed. Rye if sown at the proper 
time on good fallow fields wdll stand the winter but even rye winters 
poorly or does not come through at all when sown in fields plowed 
too late. A number of detailed obsecrations led me to suppose that 
in open sections of Siberia the. best winter conditions are assured 
when winter crops are planted 'itat in fallow hut in implowed stubble. 
At the same time the study of winter conditions in Siberia led to the 
conclusion that the favorable winter conditions which exist on fields in 
stubble can not be produced on large fallow fields. 

“By the spring and summer of 1943 it became obvious that the 
results of the experimental, seedings of winter wheat in stubble 
C'arried out under my direction on the fields of the Siberian Experi- 
mental Institute for Cereal Crops as well as the data on yields ob- 
tained from trial seedings on several state famis exceeded our expec- 
tations, Seedings of the more frost resistant kinds of winter wheat 
on good fallow fields without snow arresters were entirely lost, 
which is as should be expected. The highly frost resistant rye (Omka) 
which was planted in September was either badly affected or entirely 
killed. At the same time plantings in stubbles of all types of winter 
wheat, the majority of .which were of the Odessa and Crimean types, 
which are of low frost resisting quality, all came through the winter 
in excellent condition.. Furthermore, ' on' the field of the Tcheliabinsk 
station and at Omsk even sprouts of spring wheat wintered over 
satisfactorily.'’ 

From the results of the experiments Acad. Lysen,ko concludes that 
planting in unplowed stubble is effective in preventing winter killing. 
He points out that the winter of 1942-43 was severe and analyzes 
the rcvsults as follows: 

“Observations of the growth of plants and data on yields of plant- 
ings in stubble have shown something that we did not suspect when 
the experiments were started. The results demonstrated that the old 
commonly accepted explanation of ' low yields of rye planted in tin- 
plowed stubbles in Siberia were not at all valid. Planting' in stubbles 
has always been done by the. broadcase method. In spite of multiple ■ 
harrowing, the lye seed was worked into the soil very poorly. The 
vseeds of weeds which require only shallow’' depth were worked in much 
better with the harrow than were the' seeds of rye. As a result such 
broadcast seedings came up too late in the fall. This was especially 
true under conditions' of drought. In the spring and summer of the fol- 
lowing year the rye was. crowded .out by weeds. The horsedrawn drills 
were inadequate for working the rye 'seed into the soil It is only with 
tractor drawn drills that rye can be well worked into the soil With 
this method the seeds of weeds which lie on the surface of the ground 
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remain in, 'an unfavorable condition. Such in-sttibble seedings in the 
prairies of Siberia not only of winter wheat but also of rye can, as the 
experiment showed, give yields not lower and in general even higher 
than , the yields of crops, sown on fallow and certainly much higher 
than the entirely unsuitable seedings of rye on .fields freshly plowed 
in September,' a practice which unfortunately- has recently been 
widely followed in Siberia. 

‘"Our proposition is that in the prairie regions of Siberia the 
planting of winter crops should be carried on in the stubble of spring 
crops which in turn were planted, on fallow or sod. Winter wheat 
must be planted in the last third of August and not later than the 
first of September. Rye must not be planted later than between the 
5 til and loth of September. The crop must be drilled with an ade- 
quate tractor drawn disk drill by the crisscross method. Under 
Siberian conditions with the great range in day and night tempera- 
tures at the end of August and the middle of September the heavy 
dew makes possible a stand even with the small amount of precipi- 
tation. Crops put in late, that is, in September and especially late 
in September can not give a stand even if the crop is put in with 
tractor drawn drills and even with good moisture conditions, this 
because of the low temperature. 

, Both science and experience have unquestionably proven 
that shallow plowing causes weed infestation. It would naturally 
appear at first glance that planting of winter crops in unplowed 
stubbie carried on by the method which I propose would cause 
greater infestation by weeds. 

‘Tn my opinion good stubble seedings of winter wheat and especial- 
ly of rye made by the proposed method are not only not causing infes- 
tation but to some extent appear to be clearing fields from a number 
of weeds. This does not mean, however, that planting in stubble 
should be carried out on infested fields. Infested fields must be 
cleaned out by clean fallow. In 1942 an area of 50 hectars of spring 
wheat on the Tcheliabinsk station was badly infested with “ovsiug” 
(wild oats). After the harvest the surface of the soil was thickly 
covered with the seed of this weed. The number of seeds of the weed 
reached several thousand per square, meter. At the end of August, 
Miss A. T. Korshumova planted winter wheat on 12 of the 50 hectars 
of unplowed stubble. The planting was done with a tractor drawn 
disk by the crisscross method. The remaining 38 hectars were set 
aside for planting of spring wheat in the spring of 1943. This area 
(38 hectars) was harrowed late in the fall in order to work in the seed 
of..., the weeds, thus inducing , their germination early in the spring 
before plowing. At the end of April 1943 this field was covered with a 
stand of “ovsiug”. In May, this land was plowed deeply and planted 
to spring wheat. This crop of spring wheat was seriously .infested 
by the weeds which grew from seeds remaining on, the field prior 
to the spring plowing. The seeding of winter wheat planted on stubble 
without, any plowing whatsoever (12 hectars) remained practically 
.clean. The, ‘.‘ovsiug'' seeds, were- . not worked into the,. soil when the 
winter wheat was drilled. They remained on the surface and in the 
spring and summer after many .rains, grew under a heavy cover of 
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wheat. On each square meter one could easily see hundreds of plants 
of this weed in the lower layer under the canopy of wheat. These 
plants, however, were so dwarfed and retarded that they could not 
head out. On bare spots where there w^ere no plants of winter wheat 
the weed devcloj^cd beautifully. It therefore appears that planting' 
of winter wheat in stubble with ti'actor drawn drills does not cause 
infestation. 

'‘Results of one, two, three- or even more individual experiments 
cannot settle this important question of weed infestation unless they 
can be satisfactorily explained by basic underlying principles. I am 
therefore going to present a theoretical analysis of the question. 
Weeds as a rule are biologically suited to the same conditions as are 
cultivated plants. Under conditions of cultivation weeds seldom 
survive, not because conditions are not suitable but because they 
arc being destroyed at the proper time. When infested fields are left 
idle the majority of weeds do not increase in number but actually 
decrease, although nothing is done to destroy them. A good stand of 
perennial grasses occupying a field for one or two years without 
tillage does not infest the fields with weeds. On the other hand any 
crop planted on shallow plowed fields for one or two years is always 
infested. 

“Now if a good stand of perennial grass, rye grass, for instance, 
remains free of weeds after two or lliree years, then it. follows that a 
good stand of rye or winter wheat such as can easily be obtained by 
planting in stu],)ble with tractor drawn drills will also not be infested.” 

After disposing of the question of weeds the author discusses winter 
crops planted in accordance with his method in relation to droughts. 
He reports the following results: 

“Experimental plantings of winter wheat in stubble on the fields 
of the Siberian Cereal Institute at Omsk had shown clearly that 
such plantings give ilot only good germination during years with 
dry late summers but can also better withstand droughts during the 
growing season. On the fields of the above mentioned institute the 
very dry late summer of 1942 was followed by an extremely light 
snowfall in the winter of 1942-43. From November to the first of 
April the total precipitation amounted to only 15 mm. — 0.59 inch. 
Neither was their ample rainfall during the summer of 1943. Under 
these conditions winter wheat planted on fallow in open prairies 
without snow arresters was completely lost during the wfiriter period. 
On a small field of about 0.6 hectar a heavy snow cover was obtained 
by means of snow arresters. The wheat on this field was well pre- 
served. One would think that on this field there should have been 
a good deal of moisture the following spring and summer, ho\cever 
during the summer the plants definitely suffered fjecause of lack of 
moisture in the soil and the yield was small (8.5 centner per liecHar — 
about 340 lb. per acre). This in spite of the fact that the field was 
fertilized and was kept in good condition while in fallow. An experi- 
mental planting of winter wheat in oat stubble on an adjoining field 
of about two hectars suffered much less from the drought than the 
plantings on the fallow fields discussed above in spite of the fact 
that the soil was thoroughly dried out by the preceding crop (oats) 
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and the fact that the snow cover during the winter did not exceed 
10 to 15 centimeters (4 to 6 inches). The yield of wheat on this field 
was 9.9 centners per hectar against 8.5 on the fallow. On the fields 
of the Tcheliabinsk station the precipitation was above normal 
both in the fall of 1942 and during the growing season of 1943* The 
yields of crops planted in stubble were accordingly higher than those 
at Omsk where drought conditions prevailed. The yield of winter 
wheat in oat stubble on ii heactars was 18.4 centners per hectar. 
Winter wheat planted on spring wheat stubble on a very poor field 
(heavily infested) ^fielded 10.2 centners per hectar. Similar plantings 
on a field of 0.63 hectar in spring wheat stubble which followed 
virgin sod gave a yield of 21.3 centners per hectar. This last cited 
case corresponds exactly to what we are advocating, namely that 
plantings in stubble are best if ptit in on stubble of spring wheat which 
was preceded by a good fallow or a sod of perennial grasses. The average 
yield of winter wheat in stubble on all fields of the Tcheliabinsk 
station, a total area of 23.6 hectars, was 14.3 centners per hectar. 
The average yield of the 39.7 hectars planted on properly tilled 
fallow was 6.4 centners per hectar (part of the 39.7 hectars was 
manured at the rate of 40 tons per hectar) . 

“On the Karagadinsk state farm a large area (several hundred 
hectars) was planted to winter wheat in stubble in accordance with 
our recommendations. The planting was done at the proper time. In 
all cases the yields w^^ere as good as those obtained from winter wheat 
on fallow fields on which snow arresting was carried out during the 
winter. Similar in-stubble planting of rye gave yields which were not 
lower than those obtained on fallow. One must remember that the 
fields of the state farm are located in a region where the growing 
season is dry and winters are severe.'’ 

Lysenko outlines the following procedure for putting his findings 
into practice. “We propose to begin with the use of winter rye instead 
of winter wheat in the rotation. Later the rotation should include 
both winter wheat and winter rye planted in stubble. The proportion 
of winter wheat and rye cannot yet be determined. In tw^o or "three 
years, experience will show how much of either should be planted. 

“ , . .In following our scheme five fields would be put in grain. 
Of these, two would be in spring wheat (one in fallow and one in 
broken sod), two fields would be used for winter crops in stubble 
and one for spring crops such as oats. This would fit into an 8 field 
rotation with two fields in grass or into a 9 field rotation with three 
fields in grass. With such a system the volume of work involved in 
plowing will be cut exactly in half, which will constitute a major 
relief in the intensely serious power situation.' It is our deep convic- 
tion that this method will in the near future find wide application 
in the prairie regions of Siberia as. a means of obtaining a cheaper 
supply of winter rye and at the same time' improving fertility of the 
soil. This method .of planting will be a useful ,me.ans for combating 
soil erosion which for a number , of reasons is an item of outstanding 
importance. Finally, the method' which we propose makes it possible 
not only to prevent the loss by winter killing of a large proportion 
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of frost resistant rye^ but also opens up wide possibilities for .winter 
wheat/’ 

...In the last paragraph Lysenko warns .against misapplication of 
liis method. He states “I want to emphasize that our proposition 
applies only to prairie and open timber prairie regions of Siberia, 
Tansural and- Northern Kazakstan. We do not recommend piaiitiiig 
of winter crops in stubble in other regions neither do we recommend 
plantings in stubble on fields surrounded by forests and therefore 
protected from wind. On such fields winter wheat and rye in.ay be 
lost from parasites and diseases during abnormally warm, mdnters 
and when snow occur too, early in the season. I witnessed such losses 
on such fields in the spring of this year on the Tclieliabinsk station. 
In such a warm winter similar losses are possible in other places on 
fields protected by forests.” — D. B. Krimgold, Soil Conservation 
Service y V. S, Dept, of Agriculture, Washington, D. C. 

, TAXONOMIC BOTANY IlSr AN AGRONOMIC JOURNAL 

I WAS both surprised and sorry to find in the April issue of the 
Journal the paper entitled '' Agropyron japonicum, an Untenable 
Name”, There are many journals for the publication of taxonomic 
papers and Mr. Beetle is a contributor to some of them. 

The paper noted is wholly taxonomic, not agronomic, and publishes 
new combinations in Latin names of grasses, which shotiki have no 
place in an agronomic journal. 

Even if we agree that the taxonomi,c discussion of one introduced 
grass, which constitutes most of the' paper, was proper in, a journal 
of agronomy, these published nomenclatorial changes apply, not to 
the grass discussed, but to a wholly different Japanese grass of no 
concern or importance to American agronomists. 

There is given no proof, but merely an assumption, that Tracy’s 
name, admittedly erroneous, actually is valid under the rules of 
botanical nomenclature. If it is not valid, the changes made merely 
add two ,more to the existing hundreds of thousands of useless, 
expensive, and cumbersome synonyms which clutter systematic 
botany. -The quoted agronomic, description certainly is not an ade- 
quate botanical description, in any sense. 

' There has been developed a new and wholl}?* unproductive profes- 
.nion, that of synonymy. In it, one group of workei*s makes myriad 
new species or new combinations in the Latin names of plants, their 
names appearing eternally thereafter as the sponsors of the new 
combinations. Another group, trying to classify plants, spends 
untold years and uncounted money in trying to deteimine whether 
these changes have any basis in fact. Their only reward, oftentimes, 
is the discovery of unwelcome truth. Should our Journal lielf) to 
: augment what has become , an unholy mess? , 

The taxonomy of plants is the proper activity of many botanical 
institutions and agencies. Most of them do not maintain files of 
agronomic journals. Shall we do a double disser\dce by inflicting 
taxonomic studies on agronomic subscribers and compelling our 
colleagues in systematic botany to dig up agronomic journals in 
order to find taxonomic changes? 
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; ' I d^^ from long experience, in both agronomy 

and botany, and in editing journals. I have been an active agronomist 
and member and officer o.f our agronomic society throughout most 
of my career. I have been editor and/or on the editorial Board of our 
Journal, of, F/atzi Physiology, and of Biological Abstracts, tot ntsilj 
30 years. In botany, I have published many new species, varieties, 
and combinations in Salix during this long' period, but always in 
botanical journals. Let’s be fair both to our members and to our 
colleagues in taxonomy. — Carleton R. ..Ball, Extension Service, 
U. S. Dept, of Agriculture, Washington, D. C. 

A METHOD FOR ESTIMATING THE WEIGHT OF ROOTS OF 
GREEN MANURE CROPS 

T he difficulties involved in securing the weight of roots of green 
manure crops are recognized by investigators of this type of 
research. The necessity of the inclusion of these data in a correct 
interpretation of the effects of green manure crops is also recognized, 
although in some case results are still published in which compari- 
sons of various crops for green manuring are evaluated from the top 
growth alone, a procedure that could easily lead to inaccurate con- 
clusions. 

The usual procedure in obtaining root vreights is to wash out the 
roots from a small measured area, usually from 2 to 4 square feet, 
with water, dry the roots, and calculate the weight per acre on these 
small areas. The amount of labor involved from a practical standpoint 
seriously limits the number or size of the harvested areas which in 
turn is reflected in the accuracy of the yield data. 

The plan suggested here provides a rapid and reliable means of 
obtaining the yield of roots with a minimum expenditure of time 
and labor. The plan lias as a basis the ratio of the top and root growth. 
The procedure is as follows: 

I . Obtain the yield of the top growth by cutting out .areas with suit- 
able equipment. A mower,, hedge shears, hand sickle, or scythe 
may be used, depending on the type of experiment, the condition of 
the ground, and the previous preparation, of the seedbed, if any, for 
the green manure crop. A small garden tractor equipped with a mower 
cutting bar is ideal for obtaining yields of tops if the surface of the 
ground is smooth enough for its operation. 

' 2. Carefully remove a number of entire plants, including the root 
system,': from various portions of the plot so that a representative 
sample is obtained. 

.3V . Carefully wash out the roots from this sample, dry, and calculate 
the root-top ratio. The yield of roots^ is then obtained by multiply- 
ing the weight' of the tops from the harvested area by this root-top 
ratio t The sample of roots and tops used 'for calculating this ratio 
can then be used for chemical analyses if so desired.' 

' The accuracy of the method depends on the care taken in securing 
an adequate and representative sample for obtaining the top and root 
relationship. A relatively ■ large block of soil can be removed and 

' ^Tlie weight, of : roots referred .to actually includes the crowns of. the plant and a 
small portion of the tops that is not removed in obtaining the yield of the tops. 
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actua,!!}?' transfen'ed to the laboratory for careful washing of the roots* 
Quite often during the spring season a stream with running .water 
serves as a good source of water for washing out the roots. Plants 
near the edges of the block of soil should be discarded if any portion 
of the roots and tops are missing. 

Three distinct advantages, are evident from the use of this method.. 
First, the yield data can be based on a much larger area; second, a 
representative sample of both tops and roots is secured for chemical 
a.nalyses; third, the saving in time and labor is enomiotis. For 
example, in order to obtain the roots from a 4 square foot area to a 
depth of I foot, 4 cubic feet of soil have to be worked over. This 
procedure entails the handling of approximately 325 pounds of soil, 
(oven-dry basis). The feasibility, then, of using a method in which 
this laborious task is largely eliminated and at the same time basing 
the yield determination on a much larger sample becomes increasingly 
apparent. — John F. Davis, iVw York State AgrictdUiral Experiment 
Station, Geneva, N. Y. 


BOOK REVIEWS 
THE CHEMICAL FORMULARY 

Si. Bennett, Editor-in-chief, Brooklyn: Chemical Piih. Co. Vol. IT/, 
XXXII 4 ” 474 pcig^s. iQ4j. $6. 

T his volume adds 2,500 new formulas to those already printed 
in volumes I--VI, inclusive. An increasing (and justified) at- 
tempt of simplification for the benefit of nontechnical users is appar- 
ent. Unfortunately, the very useful introductory chapter of 16 
pages has been reprinted practically unchanged from volume ■ VI . 
The reviewer hoped that .in volume VII this most educational 
approach would be extended for those who own the previous collec- 
tions. The list of “Sellers of chemicals and supplies” loses much of 
its value on account of its exclusiveness: One source of supply is 
named only for. eveiy commodity, a hardly justifiable practice. 
Several names are mentioned in one instance for laboiratory equip- 
ment, but. even here the names of Arthur H, Thomas Co. and the 
Will Coi'poration are missing. 

The editor puls increased emphasis on farm and garden specialties 
and food products, the number of pages devoted to these topics 
having been doubled. This makes the volume of increcased usefulness 
for tliOwSe engaged in agricultural research. The list of sul)stiiiites 
has been omitted. 

The Chemical Formulary is by now an institution and an import ant 
help to technical schools, to the small manufacturer, to the agri- 
culturist, and to the laboratory worker. A very thorough index 
greatly increases the usefulness of the volume. — Z. L Kertesz. 
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LABORATORY EXERCISES,- BIOLOGY OF PLANTS 

By H. L. Dean. Dtibuque, Iowa: Wm. C. Brown Company. Piano- 
graph, 244 pages, Ulus, with diagrams. ig44. $1.^5. 

T his is a conservative laboratory manual designed for a general, 
elementary course in botany. Apparently the course is to be- 
administered without the use of an assigned textbook but with 
reference reading from several standard texts and specialized ma- 
terial. The excellent lists of references for each topic constitute one 
of the best features of the volume. 

The main topics emphasized in the manual are as follows: The 
plant cell, mitosis, the external and internal anatomical features 
of the leaf, stem, root, flower, fruits, seeds,- and seedlings. The 
physiological processes normally associated wdth the leaf, stem, 
and root are considered in connection with the mor|3hological and 
anatomical treatment of those organs. Reproduction of the angio- 
spernis is considered in connection wdth the flow^er. The plant groups 
consisting of the algae, bacteria, fungi, bryophytes, pteridophytes, 
and conifers are briefly treated. 

The material of this manual is expanded beyond that of the 
ordinary botany course by the inclusion of material on diiig plants, 
economic plant geography, landscape gardening, Mendelism, practi- 
cal plant and animal breeding, and plant propagation. The manual 
is illustrated throughout with good conventionalized diagrams and 
diagrammatic line drawings. 

Special features of the manual are the keys for the identification of 
the common trees of Iowa, the various kinds of starch grains, com- 
mon temperate zone woods, the common ferns of Iowa, and the 
coniferous plants of Iowa. — J. Ben Hill. 

NATURAL PRINCIPLES OF LAND USE 

By Edward H. Graham. New York: Oxford University Press. XIII 
274 pages, Ulus. 1^44. $3,50- 

T his book is chiefly an effort to encourage a greater application 
of the biological sciences in the solution of mdldlife management 
problems. To this end the author has drawn freely from the litera- 
ture of ecology, botany, and zoology to cite examples of the value 
of the natural principles of plant and animal sciences to the natural 
scientist and sportsman. This book is not a factual book, however, 
in the sense of a reference book for teachers and scientists, for the 
author: -apparently intended to reach a wide and diverse audience, 
including laymen, conservationists, and sportsmen, 

■ In urging a greater adoption of - the principles of the biological 
sciences, in^the solution- of land-management problems, the author 
does not ‘give, in the reviewer’s opinion, sufficient credit through 
references and quotations to those agronomists who have for these 
many^years ^drawn^heavily from, as well as contributed to, , the 
biological -sciences in the improvement of crop ' varieties, in- 'the- 
■management of the soil through crop rotations, and.in'tbe improve- 
ment of the soil through the addition of lime and fertilizers. 
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The author emphasizes the necessity of a classification' of land 
which subject is not handled with the ease and competence with 
which the author treats the subject matter and principles of ecology. 
The author correctly stresses the' need for classifying land on the 
■basis of its natural characteristics. It is difficult for this rev, iewer 
therefore to evaluate the purposes of the author in developing a 
.s^^’-stem of classification which, tmduly emphasizes subjective criteria. 
The author suggests further that by classifying the land into eight 
classes, a basis is provided to land operators for^ actual practice -on 
specific parcels or units of land. Obviously, 'class II land 'in Florida 
and South Dakota are entirely distinct as regards natural characteris- 
tics, and therefore must be treated' and managed differently. The 
agronomist, it seems to, this reviewer, must be very critical of the 
system of land classification advocated by the author. 

Complete confidence in the proposed system of land classification 
is apparently lacking, for the author gives a brief but apt discussion 
of : “soil"', and emphasizes the need for a study of the soil — its physi- 
cal, biological, and chemical properties, as these are important in 
the growth of crop plants. Profiles of several Great Soil Groups — 
Podzol, Chernozem, and Red Desert — are illustrated, and a brief 
but carefully selected discussion attests to the acquaintanceship of 
the author with the fundamentals of soil formation. This reviewer 
believes that most soil scientists interested in land classifi.cation 
would have encouraged more attention to soil type as a basis for 
land management and soil management practices. 

This book contains many excellent photographs well chosen and 
adeptly arranged. 

This reviewer, while disagreeing with the author on many points, 
recommends the book for the agronomist to read in more casual 
moments, and believes the reader cannot fail to absorb some of the 
author’s enthusiasm for, the scientific approach to 'a better use and 
management of our land. — Frank Riecken. 
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HAMDBOOK OF DESCRIPTION OF SPECIALIZED FIELDS IN 
AGRONOMY AND SOIL SCIEFCEi, 

FOREWORD 

A COMMITTEE of the American Society of Agronomy assisted 
the National Roster^' inpreparing these descriptions of specialized 
fields in agronomy and soil science. The time was short, and it was 
not possible to discuss the many problems with a large percentage 
of the agronomists and soil scientists of the country, although a few 
reviewed the early drafts. The final result contains a number of 
obvious compromises between different points of view. 

Perhaps the greatest difficulty centers around the exact meaning of 
‘‘agronomy.” Some feel that this term should be used to include all, or 
nearly all, soil science as well as crop science, while others confine the 
term to the applied aspects of the plant sciences as they relate to field 
crop improvement and production. Since the general ‘field of soil 
science includes a large body of fundamental soil science that is no 
more specifically applied to field crop production than to several other 
problems, and since there are significant applications to fruit and 
vegetable production, to forestry, to engineering, to land settlement, 
and to farm organization, it seemed desirable to use both “agronomy” 
and “soil science” to include all phases of these fields. 

Other difficulties were encountered. Although soil conservation, 
for example, is covered hy the other recognized phases of soil science 
and agronomy, a separate field vras recognized because of the recent 
interest in this subject. This is not entirely logical since the field, 
does not include anything specific that is not included under other 
headings; yet at the same time, it does not seem appropriate to omit 
the heading. In agronomy (crop science) some difficulty was bad with 
reconciling functional breakdowns according to broad problems of 
production and improvement with commodity breakdowns accord- 
ing to crops or groups of crops and with regional specialization. 
Examples can easily be found where agronomists should be speciali- 
zed according to any one of these three kinds of divisions. 

It was also difficult to find an entirely satisfactory border line 
between agronomy and horticulture since the division is not made 
uniformly among different institutions. 

The committee calls attention to these difficulties, not in order to 
justify the present outline , but rather to explain some of its obvious 
inadequacies. This attempt suggests that the fields are not well 
defined. , .Precedents may be found for many alternative outlines. 
Special emphasis was given by the committee- to the recent practices, 
and nomenclature followed by the U. S.'Dept. of Agriculture, the ■ 

^Prepared by the -National Roster of .Scientific and Specialized Personnel, 
Bureau of Placement,- War Manpower' Commission. 

^Dr. Robert Sliosteck, Assistant Chief of Placement, had charge of this phase of 
work for the National Roster ,of .which Dr. George W. Works is Diiector. '' Mimeo- 
graphed copies of the Handbook, published herewith, may be obtained from the 
National Roster, War Manpower Commission, Washington 25, D. C. 
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TT q Civil Sendee Commission, and the more highly 

;r o. 

•1 ' ll" ;-nnnrt^ince to individual agronomists and soil scientists 

anotherand with the public, the com- 
Ihis outline should be drawn to their attention and 
Ovc^he widest possible study and criticism, bmee these profes- 
ko’ud fields are voung and growing rapidly, 

^^.(5 older precedents may be expected to lose then i 

along fnne^ r'StrcWfiSSrLSt: 

dS'doixdtatprhgh 

SJl? that the one developed by this 

.committee. , / ■ ' . ^ , , t. committee welcomes the 

and widely criticized by 

tirofessional workers in these nelds. ^ 

, H. M. Tysdal, Chairman 

L. T. Alexander C. R. Enlow 
B. 'B. Bayles Charles E. Rellogg 

CLASSIFICa-tTION OF AGRONOMY AND SOIL SCIENCE 

SOIL SCIENCE (12.4.69) 

12.4.00— Soil fertility and management >/ 

C , rQ — Soil conservation 
;‘|Co— Boil genesis, classification and mapping 
12.4.30— Soil physics and mechanics 
12 4.40 — Soil microbiology _ 

40 9 01— Soil chemistry and mineralogy 

":;t.ipOtLras”Sical soils, forest soils, soil appraisal, etc. 

CROP SCIENCE 

Crop Production (12.5.59) 

1 2.5. 10 — Cereal crops and nax 
1 = I s — Leguminous crops 

,S-Fo?age crops, other than legumes 
irdo-Cotton 

i 2 .. 3 . 3 S-^Sugarcane - y. 

12/5.60 — Sugar beet and other root crops 

i 2 '. 545 -“"-Tobacco 
12.5.55 — Other crops 

Ca-opdmVxw^^ment (12.649) 

12.6.00— Corn ,143 

12.6.10 — Cereal crops, other, and nax 

12.6.15 — Leguminous crops , ^ 

12.6.20— Forage crops, other than legumes 

12.6.30 — Cotton 

,,, 5 — Sugarcane ^ , 

12.6.50— Sugar beets and other root crops 

12.6.55 — Tobacco ' j. 

1 2. 6 . 45 — Other crops 
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AGRONOMIC SPECIALTIES, n.e.c., ■ 

12.7.00— Turf and other special grass culture 
1 2 . 7 . 1 o— Weed control , 

12.7.20— Farm planning ■ ’ 

12.7.30 — Seed production 

12.7.40 — Crop rotation and cultural practices 

12,7.50 — Irrigation practices 

12.7.60— Grazing management 

INTRODUCTION 

/. WHAl^ITIS 

This handbook of descriptions of the specialized fields of work in agronomy 
and soil science, is one of a series of handbooks being prepared by the National 
Roster of Scientific and Specialized Personnel. It contains the descriptions of the 
usual or typical activities of technical personnel working in each of the fields of 
specialization, in agronomy, soil science, and crop science. 

The general classification scheme used in this description is a modification of 
that originally developed by the National Roster during 1940 and 1941, in colla- 
boration with national professional societies. The classification is primarih^ along 
crop lines, since most agronomists, soil scientists or crop) scientists characteristi- 
cally specialize along such lines. 

The term “fields of specialization’’ as used in this handbook refers to a well- 
defined occupational area within the profession. It is the particular type of work 
performed by a substantial number of agronomists. The work of those classified 
in any specialization has a number of readily recognizable common elements. 
These elements include the basic technical knowledge and skills, the particular 
problems or crops dealt with, and procedures, equipment and operations em- 
ployed in obtaining the data or results. The various positions which would be 
classified in this specialty have so many of these elements in common that there is 
a high degree of transferability among them. 

The description is in terms of (a) what the agronomist or soil scientist does 
(activities, as research, and the subjects of his work, as the crop and the problems 
of crop improvement, production, or soils dealt with), (b) how? he does his work, as 
the investigations or research he carries on, and (c) why he does it, or the objec- 
tives toward which he strives. 

Allied fields are also discussed, and the relationships of these branches to other 
fields of science are pointed out. 

The index lists all important crops, techniques, and activities discussed in this 
handbook. 

II. HOW IT WAS PREPARED 

This handbook was prepared wuth the collaboration of officers and a special 
committee of the American Society of iVgronomy. The original draft prepared by 
the committee was reviewed and revised by other members of the society and by 
members of the National Roster Staff. 

III. HOJV IT MAYBE USED 

These descriptions were prepared for use of the placement or classification 
technician concerned wuth professional personnel. A prior knowledge of most of 
the basic activities of an agronomist or soil scientist should enable the technician 
takiiig a job order to do a much better job of obtaining pertinent and precise 
information from the employer, and in writing up the request for personneb vStic-h 
kno\s'lcdge should likewise be helpful to the interviewer eliciting job experience 
information from, an applicant or discussing with him employment possibilities. 

The technician engaged in coding or classification of applications or registrants 
on an occupational basis should find this material very useful to him. The index 
will often serve as a useful key in suggesting possible classifications for types of 
experience wdiich do not immediately and obviously fall into an estaljiished 
classification. , 

Particular attention is invited to the practical use of the information on related 
fields. This information broadens the area for the possible placement of applicants 
with but one specialized type of experience. It is often the case that there are no 
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available positions in the specialized field of the applicant, while there may be 
vacancies in an allied field in which his experience , would be valuable. 

LIST OP COLLABORATORS IN PREPARATION OF THIS HANDBOOK 

A. C. Arny, University of Minnesota, St. Paul, Minnesota 

O. T. Bonnett, University of Illinois, Urbana, Illinois 

Richard Bradfield, Cornell University, Ithaca, New York 

R. J. Garber, U. S. Regional Research Pasture Laboratory, State College, Pa. 

H. K. Hayes, University of Minnesota, St. Paul, Minnesota 

F. D. Keim, University of Nebraska, Lincoln j, Nebraska 

K. H. Klages, University of Idaho, Moscow, Idaho 

J. D. Luckett, New York State Agricultural Experiment Station, Geneva, N. Y. 

M. L. Nichols, Soil Conservation Service, Washington 25, D. C. 

F. W. Parker, Plant Industry Station, Beltsville, Maryland 

W. H. Pierre, Iowa State College, Ames, Iowa- 

G. G. Pohltnan, University of West Virginia, Morgantown, West Virginia 

N. J. Volk, Purdue University, LaFayette, Indiana 

COMMITTEE OF THE AMERICAN SOCIETY OF AGRONOMY 

C. R. Enlow, Soil Conservation Service, Washington 25, D. C. 

L. T. Alexander, Division of Soil Chemistry and Physics* 

B. B. Bayles, Division Cereal Crops and Diseases* 

Charles E. Kellogg, Division Soil Survey* 

H. M. Tysdal, Cksirnian, Division Forage Crops and Diseases* 

■*Plant Industry Station, Washington 25, D, C. 

DESCRIPTION OF THE SPECIALIZED FIELDS IN AGRONOMY 
AND SOIL SCIENCE 

(The term “agronomy” is defined h\' difi'erent peof)le and institutions in three 
principal ways: (i) B>' some, as all cn.)p science and .soil science; (2) by others, as 
the applied phases of V)Oth crop science and soil science as related to field crop 
production; and (3) by still others, as the applied phases of crop science.) 

OCCUPATIONAL SUMMARY 

Agronomy, in its broadest meaning, is concerned with the technical aspects of 
soil and related .scieiK'es and their application to field crop) production, soil 
management and improvement, crop improvement and utilization. In many of 
the latid grant colleges, Departments of Agronomy include soil science as well as 
the crop) science of agronomy. The term Agronomist is the usual title given to 
individuals specializing in this professional field of technical agriculture. 

The original distinction between agronomy and horticulture was that the 
fonner science dealt with crops grown in the field, while the latter dealt with 
garden and orchard crops. This distinction no longer prevails, since man}" of the 
garden crops, such as lettuce, onions and peas, which toda\' are grown as field crops, 
are dealt with by the horticulturist. Some agronomists, however, carry out re- 
search in a fetv of these field crops, which traditional!}' were the concern of the 
horticulturist. 

Soil science is the scientific study of the nature, distribution, origin, use, con- 
servation, and improvement of soils, and the applic-ation of scientific principles 
to their management for plant production and for other purposes. 

Agronomy^ involves the scientific study of field rri.')ps as related to their pro- 
duction, breeding, improvement, and utilization. (Objectives in such studies are 
to develop methods for the most efficient production, management and utilization 
of field crops as well as to improve existing varieties with reference to soil and 
climatic adaptation, disease and insect pests, and other characteristics leading 
toward sustained or increased production of high quality products. 

Agronomists and soil scientists may specialize along regional lines as well as 
by crops or by other fields of specialization. Such regional specialization calls for 
familiarity with the major crops or soil types of the region. 

These major fields merge into one another and into related fields, such as 
horticulture, botany, chemistry, physics, microbiology, plant ecology, plant 


Hn its narrower meaning. 
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physiology, plant pathology, genetics, forestry, geology, geography, engineering, 
economics (prodtictioii and farm management), and other branches of agricul- 
tural science. Many specialists may be qualihed in more than one subdivision. 

FUNCTIONS 

An agronomist or a soil scientist may specialize in one or more of the following 
functions:' 

I. Research through scientific experiments and field surveys into the nature, 
origin, management, distribution, use, conservation, and improvement of soils; 
and into crop production, improvement, and utilization. Other studies include 
flood control and construction as these relate to soils. 

3. Consulting work regarding soil characteristics in relation to its uses in construc- 
tion and in plaiiiiiiig foundations and subgrades, and for commercial agri- 
cultural companies. 

5. Extension of principles of crop and soil science through demonstration and 
education, including the planning of demonstration farms and direct assistance 
to farmers and other land users. 

6. Teachmg in colleges, universities, and technical schools. 

7. Maftagement of production, sales, service, and distribution of fertilizers, soil 
amendments, soil inoculants, seeds, etc., also of large-scale plantations, parti- 
cularly in the tropics. 

9. Other: — a) Appraisal of soil x^roductivity and rural land evaluation. 

b) Writing along pertinent technical lines, usually in connection with 
other functions. 

c) Crop estimates and appraisal of crop damage. 

SOIL SCIENCE 

The soil scientist^ is primarily a research worker in field and laboratory, a 
teacher in colleges, universities and technical schools, and advisor in soil use and 
manipulation for construction, or an advisor in rural land use and management. 

He is concerned with the fundamental principles of soil origin, distribution, 
composition, chemical properties, behavior, and their application to individual 
soil management practice, crop production, farming systems, and to those com- 
munity enterprises that influence the soil or limit the alternative uses of soil, 

FIELDS OF SPECIALIZATION 

Soil Fertility and Management (12.4,00) 

Deals with the application of the principles of agronomy and soil chemistry 
as developed by scientific experiments and field studies, to the production of 
crops, and maintenance of soil productivity through the use of fertilizer, lime, 
composts, manure and other soil amendments, and of cover and green manure 
crops. He relates the use of these materials to local soil characteristics, to tillage, 
crop rotations, and other farm practices, and to the requirements of particular 
crops. Related fields include agricultural chemistry, all soil specialties, plant 
physiology, agronomy and farm management. 

Soil Conservation (12.4. 10) 

The soil conservationist deals with the application of principles of soil science 
and agronomy developed by scientific experiments and field studies, to the plan- 
ning of crop rotations, soil management practices as strip cropping, contour plow- 
ing, and land use on the farm unit, reforestation, as these relate to the conserva- 
tion of soil and water. Related fields include agronomy, agricultural engineering, 
soil fertility and management, farm management, and soil classification. 

Soil Genesis, Classification and Mapping {12, ^.2 q) 

Studies by means of field trips, laboratory examination, and controlledexpeii- 
mentation ,:; soil 'morphology, genesis (processes, of soil formation), classification 

^Occasionally called ' 'pedologist'*, especially in some European literature. 
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and productivity; and develops and carries out programs of classifying and map- 
ping soils. He evaluates the response of various soil types to management prac- 
tices, and the adapta.bility of various crops to different soils. 

Related fields include all soil specialties, crop production, geology, plant 
ecolog}’, geograph^y and agricultural economics (production and farm, iiianage- 
irient). 

Soil Chenmtry and Mineralogy (40.9.01) 

The application of pri.nciples of chemistry, mineralogy and agronomy to the 
problems of soil classification, formation, and composition; and soil problems 
encountered in crop production and soil management. Related fields include soil 
physics, soil microbiology^ soil fertility^ soil classification, geology, and plant 
physiology. 

Soil Microbiology (12.2.40) 

The application of the principles and methods of microbiology and chemistry 
to: the studies of 'microbiological, processes; t.he solving of problems yydiich affect 
crop production, such as decomposition of organic matter by action of bacteria 
and fungi, and nitrogen fixation; soil fertility and management; soil and water 
conservation; soil genesis, .morphology and classification; and the production and 
use of soil inoculants. Related fields include taxonomy oi 'nacteria, physiology 
l:»acteria, mycology, plant chemistry, soil chemistry, biologitail chemistry, soil 
fertility and management, soil physics, soil genesis, rnorphology^ and classification 
and crop production. 

Soil Physics and Mechanics (12.4.45) 

Tlie application of the methods and principles of physics to (a) a solution of 
soil ])roblciriS encountered in cro]) production, soil classificat ion, drainage, and 
irrigation practices, and soil and water conseryuilion and use: and (h) problems 
of soil stabilization and drainage for use as foundations for roads, dams, buildings, 
and other struetures. Related fields include soil chemistry, niatiiematics, mechani- 
cal and civil engineering, soil classifu'ation, physics, and’ geologyv. 

Soil I'echnology (12.4.55) 

The application of the prinei]>les and methods of sr)il science, agricultural 
engineering and associated fields to the development of efieciive practices in: 
(a) irrigation and drainage, (b) tillage, (c) runoff and erosicni <’ontrol tei'hnicjues 
and structures. Related fields include soil chemistr\", soil physics, soil fertility, soil 
classification, and agricultural engineering. 

Other Specialties (12.4.65) 

There are seymral other specialties in soil science which, although important, 
do not include many individitals at present. In these specialized fields scientists 
have focused their attention on particular problems or areas such as tropical 
soils, forest soils, farm planning, and soil productivity appraisal. 


AGRONOhlY (CROP SCIENCE) 

CROP PRODUCTION 
SUMMARY 

The agronomist, crop scientist, or other specialist working in tliis field carries 
out scientific exi‘)eriments to develop methods for the most ei’fu-ienl prcKluction 
an<i utilization of field crops. He studies methods of seed bed preparation, suitable 
plant varieties, botanical relationships, methods of cultiyaitioTg soil and fertilizer 
requirement, time and method of planting, effects of rotation of crops, harvesting 
and marketing of crops, and control of crop enemies (diseases, insects, animals). 
To develop such methods he performs experimental work on the response of 
plants to their environment, such as the effect of temperature, nutrition, rainfall, 
humidity, length of day, sunlight and storage conditions on quality, quantity, 
time of ripening, and other characteristics of agronomic crops. He also studies 
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the effect of soil, drainage, altitude, weeds, and wind on crop plants; lie takes 
into account factors, such as conservation of soil and of its fertility in an3^ crop 
production program, with which he may deal. In these studies he draws upon his 
Iviiowiedge of the fundamental principles of plant physiology, plant pathology, 
i entomology, soil science, and other fields, because they are all involved and inter- 

related in the growth and production of the crop. It is often to his advantage to be 
familiar with modern field plot design and statistical analysis of experimental 
results. The various fields of study listed above can be applied to any one of the 
following crops and crop groups. 

Related fields include soil science, plant pathology, plant physiology, ecologjg 
I agricultural economics, botan^^ bacteriology, horticulture, plant introduction and 

• exploration, agricultural engineering, entomology, and biometr}^ 

FIELDS OF SPECIALIZATION 

Cereal Crops (12.5.10) 

.Deals with any of the activities noted in the summary in connection with the 
small grains, wdieat, oats, barley, rjm, and rice, corn, grain sorghuin and the oil 
I cro|j flax, which are the important members of this group. 

! Leguminous Crops (12.5. 15) 

Among the more important crops dealt with are alfalfa, clovers, lespedeza, 
and kudzu for hay, silage and pasture; soybeans and peanuts for forage, seed, and 
oil; and. cover crops such as Austrian winter peas, field beans, vetches, and lupines. 
Seed production of many of the small seeded legumes presents special problems, 
and their use in conservation practices is an iinx^ortant phase of crop production. 

I 

^ Forage Crops (other than legume) (12.5.20) 

Deals with the hay and pasture crops, which for the most part belong to the 
^ grass family, such as Brome grass, crested wheat grass, Orchard grass, and 

Timothy and Kentucky bluegrass in the north; Bermuda grass, Dallis grass, 
Bahia grass, Johnson grass and others in the southern states. Some cereal crops 
as oats, barley, and sorghum and corn, when grown for hay or silage, fall into this 
group. In addition there are a number of native grasses of great importance in 
range and livestock production. The best use of these crops in rotation and for 
soil conservation and animal production constitute important studies. 

Cotton (12.5.30) 

Deals with most of the activities discussed in the summary and also with other 
crops grown in rotation wdth cotton, such as peanuts. 

Sugar Cane (12.5.35) 

Deals with the problems of crop production under tropical or semi-tropical 
conditions; with methods of vegetative propagation, and wdth special problems 
in planting, culture, and harvesting of the crop. 

Sugar Beets and Other Root Crops {12. ^.60) 

Deals A¥ith sugar beets or other root crops such as turnips, .mangoes and swedes. 
When grown as field crops, these are the concern of the agronomist; as garden 
crops, they are usually dealt with by the horticulturist. 

( 1 2.5.45) , 

Deals with many problems peculiar to the crop, such as starting the plants 
under exacting environmental conditions, and transplanting, harvesting and 
curing practices ; also problems of field production,- and use of fertilizers. 

Other Specialties {12.$.^^) 

Such crops as potatoes, sweet potatoes, rubber plants and drug plants, hemp, 
fiber flax, may be classed as either horticultural or agronomic crops, depending 
upon the manner and the region in which they are grown. 
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■ CROP IMPROYEMENT 
■ SUMMARY 

The agronomist, uses various breeding techniques to develop varieties of 
crops which are much better adapted than those varieties now available for 
efficient production and- utiliEatio.n. He seeks such iniproveinents as resistance to 
destriictive diseases, insects, drought, winter killing, lodging (falling doAvn due 
to wind or rain), or some other hazard to crop production, or he tries to develop 
varieties with different plant or seed characteristics vrhich belter meet certain 
conditions of production or utilization, such as higher yield or better quality. 
The use of mechanized equipment, for. example the combine for harvesting grain 
sorghum, is often contingent on the development of varieties with plant cliai'acter- 
istics different from, those previous!}" grown. 

Breeding and selection techniques are used in de\'eloping better adapted 
vegetative covers for protecting the- land in differe,nt regions against destructive 
erosion. In like manner, plants may ' be . developed with tjqies of root systems. 
wJiich will make the soil more permeable to waater, and w-ill help to facilitate drain- 
age. The plant breeder also develops ways and means of utilizing biological phe-' 
eo.mena such as hybrid vigor in. corn and alfalfa to provide growers with crops 
that are more productive and less subject to production hazards. 

Three methods of breeding are used to improve varieties of crop plants: (i) 
Introduction and careful testing of new crops and varieties from foreign countries, 
(2) Selection of improved strains from old varieties, and (3) Hybridization of 
varieties each of which contains certain desirable inherited ch.aracters, and the 
selection in later generations of strains which combine the desirable characters 
from both parents. 

In the development of newg improved varieties new tecluiics of breeding and of 
selectitig desired t\pis often need to be developed for liandling s|')ecilic breeding 
prol)lc.ms. The spcddist in this field must often imderiake tech^iical genetic 
studies to solve i p uticular breeding problem. 

The specialist nutst be familiar with the principles of genetics, cytology, and 
other sciences used in plant breeding, and he must l'>e familiar wifh the many 
variations in procedures and tetliniques connected wit.h the breeding of different 
crops. Crops which can be |)ropagaled vegetati\''eiy, often allow a diilerent ap- 
proach to the breeding problem. The |)lanl breeder slvnild be familiar with modern 
field plot technic and statistical analysis of experimental n^sul^s. Related fields 
include: genetics, plant pathology, entomology, rnorpliolog}' mid cytology, cereal 
chemistry, plant plijasiology, soil science, ecology, taxonom}”, econonfic liotany 
and biometry. 

The various activities of the agronomist in crof) breeding work may be carried 
out in relation to one or more of the crops or crop groups listed below. 

FIELDS OF SPECIALIZATION 

Corn (12.6.00) 

Production of pollen in the tassel and of female flow-ers in the ear allows corn 
to be large!}" cross-fertilized, and makes possible the development of procedures 
to utilize commercially the phenomena of hybrid vigor in improving this crop. 
The probIe.m of breeding is one of inbreeding and selection of true breeding lines 
with the desired inherited qualities, and detemiining those which when crossed 
produce hybrids with the desired characterivStics. Since hybrid corn is a true 
hybrid, it does not breed true and new hybrid seed must be produced each year. 
Corn is especially well suited and is being used widch" for genetic work l^ecause of 
its low chromosome number and mode of reproduction. 

Cereal Crops (12.6.10) 

Deals with breeding of crops which are largely self-fertilized, such as wheat, 
oats, barley, ric;e, and sorghum. The specialist breeds productive varieties that 
are resistant to destructive fungus and allied diseases, to insects, and to environ- 
mental hazards; have satisfactory quality of grain, and which mature at or near 
an optimum date. The appearance of more virle races of diseases such as rusts 
and smuts complicates the breeding problem and makes it necessary occasionally 
to breed resistance to new races of diseases into varieties of cereal crops resistant 
to the races previously known. , 
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Leguminous Crops {12.6.1^) 

Carries out experiments in the breeding of various leguminous crops for 
disease rcvsistance, longevity of stand of perennials, physical nature of plant, 
yield of forage, yield of seed, and quality of crop. Deals with such crops as alfalfa, 
clovers, and lespedeza, soybeans and peanuts. In the latter two crops the seed 
content is an iinportant factor in breeding. The methods of breeding vary with 
the mode of pollination of the crop. Red clover, for example is usually highly 
self-sterile and requires very different breeding procedures from soybeans, which 
are largely self-fertilized. Alfalfa is largely cross fertilized and is handled in a still 
different manner. Specific breeding procedures are worked out for each leguminous 
crop. ' , 

Forage Crops (other than legumes) ( 12.6.20) 

Carries out breeding experiments to improve hay and pasture grasses, and 
deals with those which are normally cross-fertilized such as brome-grass and 
crested wheat grasses and those which are more strictly self-fertilized such as 
slender wheat grass and many of the annual forage grasses. 

Cotton (12.6.30) 

Carries out breeding experiments for improved and standardized fiber quality, 
high yields, resistance to diseases, and to developing varieties that will lend them- 
selves to harvesting by mechanical pickers. 

Sugar Cane (12.6.35) 

Uses methods outlined in the summary on crop improvement to develop 
disease-resisting varieties and those which yield more sugar per ton of cane. 

Sugar Beets and Other Root Crops (12.6.50) 

Uses the principles outlined in the summary on crop improvement to breed for 
such qualities as higher sugar content of roots or disease resistance. Other root 
crops dealt with include turnips, mangoes, and swedes. 

Tobacco (12.6.55) 

The specialist makes use of many varieties and several species of tobacco in 
breeding for improved varieties, especially for leaf quality which is very difficult 
to evaluate. He also carries out breeding experiments to develop varieties resistant 
to diseases, some of which cause serious losses in yield and quality. 

AGRONOMIC SPECIALTIES, N.E.C. (12.7.39) 

Turf and other Special Grass Culture (12.7.00) 

Deals with development of breeding and management methods relating to the 
seeding and maintenance of fine turf , heavy duty vegetation, grasses that control 
sand blowfing, or tie down the soil on embankments. Develops soil management 
techniques which .can be used, to build a soil on which vegetation will grow on 
excavations, fills, subsoils, and under other adverse conditions. In developing 
new methods or in making recommendations, he carries out experiments or uses 
his knowledge of the use of lime, fertilizers and soil amendments, surface mulch 
and composting, and of soil treatment to effect good drainage, improve the reten- 
tion of moisture in droughty soils and improve its quality and structure. In this 
work the agronomist uses his broad knowledge of plants and the adaptability of 
particular species for different conditions and iises. He develops methods of 
establishment of a turf, including the time, manner and rates of planting, soil 
treatments for disease and insect control, and methods of management to maintain 
vegetation ill good condition at all times are highly important. 

Noxious Weed Co7itrol (i2,j .10) 

Deals with the development of methods and practices for the control of noxious 
weeds on farms, banks of irrigation ditches and on public lands, using his knowl- 
edge of the growth and seeding habits of weeds and of crops, the effect of chemicals 
on soils and plants, and the use of smother crops, sod crops, crop rotations and. 
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tillage methods on weed control. He carries _ out experiments to determine the 
\’rilue of new or inadequate!}" tested weed killing elements or compounds. Assists 
fanners in planning for the use of their land in a manner that will bring a maxi- 
mum return and conserve the soil. 

Farm Flamiing (12.7.20)' 

The specialist uses his knowledge of methods of soil management, and proper 
land use in planning crop production, and the necessary field arrangement for 
proper crop rotation. He considers the farm as a unit and plans crop rotations 
and pastures to take care of -field reciuirements and conserve the soil, and to pro- 
vide for such cash crops as the farmer may wish to grow. This planning requires 
a knowledge of soils and of various crop production methods, the use of fertilizers 
and lime. He uses his knowledge of soil conservation practices, such, as strip 
cropping, contour farming, establishment of pastures, revegetation of eroded 
areas, and. agronomic control measures for^terrace outlets, drainageways, and 
gullies. Thorough familiarity wit.h farm equipment, farm nianagement, and the 
businevSS side of farming, is importa.nt. 

Seed Production (12.7.30) 

Agronomists are responsible for the technical aspects of seed production, 
harvesting, storage, processing, and marketing. The production of pure seed, 
involving seed certification requires use of the principles and practices of plant 
breeding, es].)ecially knowledge of experimental procedures and the design and 
analysis of field experiments, and the use of production teclmiques that effectively 
prevent contamination weed seeds, cross |)ollination, and the entry of disease- 
c at.isi:n g o,rganism s . 

Specialists may be responsible for the analysis and testing of seeds for com- 
pliance with seed laws regarding rion-('ontamination with weed seeds, disease 
orgtinisms, or seeds of other va.rieties, and for quality and vigor of the variety 

being tes'ted. 

Crop Rotation and Cultural Practices (12.7.40) 

The agronomist specializing in this field is familiar with Itoth crop and soil 
science as they are intimately related in necessary studies of tlie affect of different 
crops and crop sequences on the soil, and the effect of fertility and soil manage- 
ment on the crop. He must study the economic value of different cropping systems 
with particular reference to yields and affect on the .soil over a period of years. In 
studying cultural practices he must be prepared to evaluate different methods of 
soil management together with different times of planting, management, or har- 
vesting of the crop. 

Irrigation Practices (12.7.50) 

The specialist in irrigation practices uses his knowledge of the requirements 
of crops for moisture in order to recommend practices that secure high produc.- 
tion of crops. He recommends the frequency of applying water and the quantit}' 
to apply in order to get crop production without using excess water. He |.)lans 
the layout of irrigation ditches and laterals, the length of run and the method of 
water distribution. He plans the application of water so as to cause the least 
possible soil erosion and to insure that all plants receive an jidequate supph' with- 
out waste. He recommends the use of sod crops in crop rotation in connection with 
irrigation in order to maintain the proper soil structure and tluis help to ])rovide 
adequate drainage and reduce the need for tile or other drainage. He plans s]>e('iai 
techniques for crop fertilization under irrigation conditions. 

Grazing Ma-nagement (12.7.60) 

Deals with the proper stocking of pastures and ranges to get the gi .Test 
prodtiction of forage and yet maintain a desirable population of grazing plants. 
Uses his knowledge of growth, habits of both desirable and undesirable plants in 
order to plan the length of the grazing season and when to reduce or increase the 
number of grazing animals because of drought, unusual precipitation, seed pro- 
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duction or for other reasons. Carnes out measures for the control or eradication 
of undesirable vegetation, for the renovation of old pastures, and for the establish- 
ment of new pastures. In this connection he uses his knowledge of the value of 
lime, phosphate, potash, nitrogen, and other fertilizers and soil amendnients and 
their effect on plant population and forage production. He also uses his knowl- 
edge of how to establish and manage grasses and legumes in extensive areas, 
as well as his knowledge of soils, seedbed preparation and time and method 
seeding. . ■ 

The grazii^g management specialist must be familiar with livestock require- 
ments and management. The plans he develops may include a supplemental 
grazing crop, the establishment of watering places and the distiibution of salt in 
order to get the best utilization of forage and to avoid erosion. 


THE 1945 ANNUAL MEETING CANCELLED 

I N VIEW of the travel situation and resulting restrictions by the 
Office of Defense Transportation, the Executive Committee 
recently voted to cancel the 1945 annual meeting which had been 
scheduled for November 20 to 22 in Cincinnati, Ohio. 

The Executive Committee voted to have new officers elected by 
a mail ballot. Dr. G. G. Pohlman, Dr. L. D. Baver, and Prof. I. J. 
Johnson have been appointed as a committee to recommend a 
procedure for the election by mail. It is expected the ballot will 
include all regularly elected officers of the American Societ}?^ of 
Agronomy and Soil Science Society of America. 

Provision has been made for the nomination and selection of 
Fellows of the Society. This is being handled by Vice President 
Hughes, Chairman of the Committee on Fellows, 

^ The Executive Committee is endeavoring to arrange for a meeting 
of (a) the present Executive Committees of the Agronomy and Soil 
Science Societies, (b) the newly elected officers, and (c) the Committee 
on Policy and Program. The proposed meeting would be held in 
November or December and would consider all matters of business 
and policy of the two societies. 

The Executive Committee invite members to correspond- with.them 
relative to any matters pertaining to Society affairs.— F. W. Parker, 

President. 

NEWS ITEMS 

It IS REPORTED IN Science that a seed storage and processing 
plant for: handling inbred. lines and. single crosses is being constmcted, 
at the .Uiiiversity Farm of the Department of Agriculture of the 
University of ^Minnesota. The building' will be used almost entirely 
for the handling of inbred lines of corn and single crosses that .are 
used in, the hybrid varieties recommended by the Minnesota Experi- 
ment Station. 


According to Science, Dr. G. J. Bouyoucos,,, research professor of 
soils at Michigan State College, has been named an agricultural 
consultant to the Government of Greece. 
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Doctor Edward G.- Bayfield has resigned as Head of the Depart- 
ment of Milling Industry, Kansas State College, to become Director 
of Products Control and Research for the Standard Milling Com.pany. 
His new address is 309 West Jackson Boulevard, Chicago 6, 111. 

■ ■ ™Jl_ 

Professor Fred V. Grau resigned liis position as Extension 
Agronomist, Pennsylvania State College, effective August ist, to 
become Director of the Green Section, U. S. Golf Association. 


' Doctor H. E. Myers of the Soils Department, Kansas State Col- 
lege, has returned to his duties at the College following a period of 
service with the U. S, State. Department in agricultural work in 

Egypt. ^ 

Doctor Charles E. Kellogg, Chief of the Division of Soil Sur- 
vey, U. S. Dept, of Agriculture, was one of a party of 14 American 
scientists who attended the celebration in Moscow and Leningrad 
fro.m June 15 to 29 in connection with the 220th .anniversary of the 
Academy of Science of the U.. S. S. R., as the guests of the Academy. 
The trip was made by air from New York, to North Africa and Iran 
to Moscow, and the return across Siberia and Alaska to Was.li.ington. 


Charles J. Bra.nd, formerly E.xecutive Secretary of the .National 
Fertilizer Association, .was recently elected PrevSicient of the Agri- 
cultural History Society of the United States at the 26tli annual 
meeting of the organization in Washington. 

Doctor Gilbeart H. Collings, author of the well-known book, 
,'l‘^Com.mercial Fertilizers — Their Sources and Use*’, has recently 
'..organized a private professional fertilizer consulti,ng seiwice for 
fertilizer manufacturers and dealers. The new organization is known 
. as , Collings and Associates, and is located in Clemson., S. C. 


Lambert C. Erickson, formerly seed analyst for .the . State of 
Wyoming, has been appointed Associate in Agronomy at the Uni- 
versity of Idaho and placed in charge of a recently organized weed 
research project. ..Dr. H. W. E. Larson, for the past .9 years Soil 
Extension Specialist at the University of Idaho, has accepted a 
position with the Chemistry Department of the Georgia Agricultural 
Expeiiment Station. Mr. Vance Smith has been appointed to the 
position at the University of Idaho vacated by Doctor Larson. 
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EFFECT OF SALT IMDEX, ANALYSIS, RATE, AMD PLACEMENT 
OF FERTILIZER OM COTTON 1 

J. J. Skinner, W. L. Nelson, and-C. W. Whittaker^ 

F ertilizers sometimes injure crops by reducing the stand or 
by retarding the development of established plants. This effect 
is known as “burning’’ because firing or scorching of the leaves of 
the plants is often a symptom of such injury. The injury is due, in 
part, to a very high osmotic pressure in the soil solution of the plant 
root zone. This may be caused by the use of certain fertilizers especi- 
ally when they are placed under or too close to the seed. 

Fertilizers of the same analysis may vary 4 to 5 fold in their effect 
on the osmotic pressure of the soil solution. This effect then does 
not depend on the amount of plant nutrients in the fertilizer but 
rather on the carriers that are used to supply the plant nutrients. 
For example, potash supplied in the form of 17.5% kainit may, per 
unit of potash applied, increase the osmotic pressure over 3 times 
as much as 60% muriate of potash. Similarly, potash supplied as 30% 
manure salts may increase the osmotic pressure i . 6 times as much 
as 60% muriate. In the manufacture of high analysis fertilizers it , 
is usually difficult to put the desired amount of plant food into- the 
mixture unless high analysis materials are used, but in low analysis , 
fertilizers this difficulty is not experienced. Low anatysis materials 
such as kainit can he used in low analysis mixed fertilizers because 
smaller amounts of plant food are put in each ton. Hence loiv analysis 
fertilizers tend to contain more salt per unit of plant food. This 
when dissolved in the soil moisture causes burning. 

■ : vThe/ salt index of fertilizers (4, A)^.. affords a means of expressing 
differences in the probable effects of different fertilizers or fertilizer 

^Contribution from the Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Agricultural Research Administration, U, S. Dept, of Agriculture, 
and the Agronomy Department, of the North Carolina Agricultural Experiment 
Station, Raleigh, N. G. Published with the approval of the Director of the North 
Carolina Experiment Station as Technical Paper No. 206 of the Journal Series, 
Received for publication February 27, 1945. 

“Senior Biochemist, Division of Cotton and Other Fiber Crops and Diseases, 
U. S, Dept, of Agriculture; Associate Agronomist, North Carolina Agricultural 
Experiment Station; and Chemist, Soils and Fertilizer Investigations, U. S. Dept, 
of Agriculture, respectively. 

Tigures in parenthesis refer to “Literature Cited'’, p. 688. 
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constituents upon the osmotic pressure of the soil solution. With a 
given placement it is a measure of the tendency of fertilizers to injure 
crops. It is defined as loo times the ratio of the increase in the osmotic 
preSvSure of the soil solution produced by the fertilizer material in 
question to the increase produced by the same weight of sodium 
nitrate under identical conditions. iV scale has been, developed, based 
Oil laboratory determinations, to measure the effect of fertilizer 
materials on the osmotic pressure of the soil solution, that permits 
the ready calculation of the salt index of any fertilizer whose formula 
is known. ' 

The placement of the fertilizer with respect to the seed is of prime 
importance in fertilizer injur}^ of the plants and in determining the 
final yield. It has been shown (i, 2, 7) that placing the fertilizer 2 to 3 
inches to each side and 2 to 3 inches below the level of; the seed is the 
most desirable placement. In this .placement the soluble fertilizer 
salts are not so likely to move to the seed or root zone as is often 
the case with under seed placement. .Little atte.ntion .however has 
been directed to the effect of varying salt indexes on. proper place- 
ment . 


Ta.ble ,i. — Ccmiposition and salt index of fertilizers used in expermenls. 
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Fertilizers Used in 1943 and '1944 
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Ross, et al. (4) grew millet on Leonardtown loam in the greenhouse.: 

Two_ 4-8-4 fertilizers, one- having a low salt index and one a high 
salt index, were applied at rates of 650 to 6,000 pounds per acre. 
A good stand was obtained at all rates with the low salt index ferti- 
lizer when placed 2 inches from the seed and for all but the highest 
rate when placed inch from the seed. The fertilizer with the high 
salt index at all rates caused injury to the stand at Id' inch. The 
low index_ fertilizer gave higher yields at ^ inch than did the high 
index fertilizer at 2 inches, the commonly recommended distance. 

A field experiment on cotton was therefore initiated to determine 
the effect of high and low salt index fertilizers, low and high analysis 
fertilizers, rate of application, and placement on cotton plant emer- 
gence, growth, and yield. 
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EXPERIMENTAL PROCEDURE 

The experiments were begun in 1940 and continued through 1944. 1940, 

however, cold weather injured, plant stands^ necessitating replanting, and "the 
results are not reported. The experiments were conducted on Norfolk fine sandy 
loam, at the Upper Coastal Plain Experiment Station at Rocky Mount, N. C. 
One>row plots ' in randomised block design were used with eiglit replications in 
1941 and 1942, six replications in 1943, and four replications in ,1944. The Mexican 
variety of cotton was planted. 

The analyses of the fertilizers used during the four years are given in Table i . 
A. 6-“B~4 ( 6 - 8 -$ in 1943 and 1944), attd high salt index, and a 9-1 2-6 (9-12-12 
in 1943 and 1944), low and high salt index, were used. These fertilizers were ap- 
plied at rates equivalent to 400 and 700 pounds of 6-8-4 6-8-8. 

The low salt index fertilizers contain slightly more limestone to render them 
iioiiacid-forming than do the high salt index fertilizers. The different lime content 
of the fertilizers would not significantly influence plant emergence, growth, or 
yield of cotton. * , ■ 

The placement of the fertilizer w^as as follows: 1941-42, in the furrow at plant- 
ing with the seed planted .2.5. to 3 inches above the fertilizer band; 194.3,-44 (a) in 
the fuiTO'W at planting with the seed planted 2.5 to 3 inches above the fertilizer 
band, (b) in bands 3 inches to each side of the seed at planting. 

The planting dates for each of the four years were April 23, 20, 22, and 16, 
respectively. The seeds were planted at regular intervals of approximately 2 inches 
apart. ■ _ 

The following data were taken: Rate of plant emergence, total salts ’in the 
root zone shortly after plant emergence, total salt content of seedling plants, 
and yield of seed cotton. 

Th,e soil samples were t:iken with a tube i inch in diameter. The su,rfaee'lialf 
inch of soil was removed and the tube pushed lateia-illy with t,he plant 'row through 
the sot! occupied by roots of the seedling plants. The root zone of the plants "at 
time of sampling was about 2 inches sqi.ia're. The total salts were determined by 
ashing in 1941 and 1942, In 1943 and 1944, plants were dried, ground, and' 
boiled in water for 2 hours a'U-d the salts in the solution determined by the bridge 
conductivity method. 


EXPERIMENTAL RESULTS'^ 

SOLUBLE SALTS IN THE ROOT 20NE SOIL 

The data showing the amomit of soluble salts moving into the soil 
in the root zone area during the germination and seedling stage of 
the cotton are given in Table 2. 

In 1941, regardless of grade or rate of the .fertilizer, the amomit 
of soluble salts in the root zone was greater when the fertilizer of 
high salt index was used. An average .of the data show.s an increase 
of 67% over the low salt index fertilizer. The high rate of fertilizer 
as compared -to the low rate gave . an increase in soluble salts.. The 
increase was greater with the low analysis fertilizer than with the 
high analysis fertilizer, however. 

In 1942, the effect of salt index was not quite as marked. On May 6, 
however, the high index fertilizer had increased the soluble salts 22%. 

The 1941 data were obtained with the aid of E, R. Collins, now In Charge, 
Agronomy Extension, North Carolina State College- vSoil and plant analyses in 
194s; and 1942 were made by A. R. Knudsen, formerly Agent, U. S. Dept, of 
Agriculture, and the North Carolina Agricultural Experiment Station. Anah’ses 
in 1943 and 1^44 were made by Leah Fleming, Agent, under the direction of J. R. 
Piland, Associate Soil Chemist, North Carolina Agricultural Experiment Station. 
The authors are indebted to the Department of Experimental Statistics, North 
Carolina Experiment Station for the statistical analyses. Fertilizers used in these 
tests were formulated and prepared by L. F, Rader, U. S. Dept, of Agriculture. 
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Table 2. —Effect of fertilizers on soluble salts in the soil of Ike root zone. 
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*6~8"8 and 9-12-12 in 1943 and 1944. 

t25 and 57, and 28 and 60, respectively, in 1941 and 1942. 


The effect of rate and grade was not- consistent. Five weeks later on 
June 1 2 the effects of high and low salt index had entirely disappeared. 

The large amount of soluble salts in the root zone in 1941 as com- 
pared to the small amount in 1942 may be explained by the differ- 
ence in rainfall during the plant emerg:ence and seedling stages.- In 
1941 the land was moist at planting time. The rainfall during the 
three days following was 1.9 inches, sufficient to dissolve the fertilizer 
salts. The- next two weeks were relatively dry with only 14 inch, of- 
rain falling. The salts then moved into the root zone with the capil- 
lary rise of moisture. In '1942 only 0.2 inch of rain fell in the 12 day 
period .after planting. ..This was not sufficient to dissolve an appred- 
able;_ quantity of fertilizer salts for movement, into the root zone. 
During, the next 20" days there was a rainfall of 2.7 inches welT dis- 
tributed at, intervals of -2^ to 3 days.. This was sufficient to maintain, 
a somewhat constant moisture -, supply with a minimum of alternate ,, 
wetting and drying. Conditions . were thus unfavorable for a'm.ove-, 
.ment of the salt laden s,oil solution, ■ 

In ■n943,,an,d:^ 19,44, pla.cem-ent comparisons w.ere included, in, the,' 
experiment. , With , under seed, placement and the high salt i,ndex 
fertilizer the content of the soluble, salts in the root zone was 47% 
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and 40% greater in 1943 and 1944, respectiYeiy, tlian with, the low 
salt index fertilizer. With side band placement there was an increase 
of 179 c ^uid 76%, respectively. The greatest difference, however, 
was between placements.' With the low salt index fertilizer and side 
band placement the soluble salt content was only 43% and 38%, 
respectively, that of the under seed placement for the two jeam. 
With the high salt index fertilizer and side band placement the solu- 
ble salt content was only 35% and 47%, respectively, that of the 
under seed placement. The use of 9-1 2-1 2 as compared with 6-8-8 
reduced the soluble salt content, particularly with the under seed 
placenient. While the salt index value and analysis of the fertilizer are 
important in influencing the soluble salt content of the root zone, 
placement is of greater importance. 

In 1943 the soil w=^as moist at time of planting and was alternately 
moist and dry for the following 4 weeks with 1.5 inches rainfall fairly 
well distributed over the period. The moisture conditions were favor- 
able for movement of salts from the fertilizer band in the root zone 
soil. In 1944 the soil w^as wet at planting and 3 inches of rainfall ' fell 
the following 3 weeks with no alternate drying and wetting of the soil. 
This caused a smaller amount of salt to move in the root zone. 

SO.LU.BLE SALTS IN TH.E PLANTS 

data on soluble salts in the. plants are presented in Table 3. 
In 1941, 1943, and 1944 the percentage of soluble salts in the seed- 
ling plants is consistently greater with the fcndilizers of high salt 
index. In 1942 this effect is less consistent. It is interesting to note 
that in 1943 and 1944 the low salt index fertilizer with side band 
placement gave the low^-est value in comparing both salt indexes 
and both placements. The soluble salt content of the plant, kwever, 
is only a fair indication of the relative quantity of salts accumulating 
in the root zone. 

PLANT EMERGENCE 

The data on plant emergence are given in Table 4. In 1941 the 
increase in total plants emerged with fertilizers of low salt index 
as compared to those of high salt index w’'as highly significant, regard- 
less of fertilizer rate or analysis. This is related inversel}^ to the solu- 
ble salts in the root zone and to the salt content of the plant. Signifi- 
cantly more plants emerged with the high analysis fertilizer than 
with the low analysis fertilizer and mote from the 400-potind rate 
than from the 700-pound rate. 

In X942, on May 6, the reduction in stand from the high salt index 
was again highly significant. This retarded emergence was overcome 
later and on May 13 there was practically no difference. A retarda- 
tion due to the high rate of fertilizer and to the low analysis fertilizer 
was also overcome later. 

In 1943 the rate , of ' plant , emergence and the number of plants 
emerging were consistently greater with fertilizers of low salt index, 
regardless of analysis or placement. This is true for only the under 
seed placement in 1944 (May 6). 

The relative importance of placement and salt index in the 1943 
and 1944 experiments is significant. The eft'ect of side band place- 
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Table 3.^ — Effect of fertilizers on soluble salts in cotton leaves expressed in percentage 

of air-dry weight. 


Fertilizer 

TO.4 T 

1942 

1943, May 26 

,1944, May 9 





Mav 



Ferti- 

Ferti- 

Ferti- 

Ferti- 



Salt 


29^ 

May 

June 

lizer 

lizer 

lizer 

lizer 

No. 

Anal- 

in- 

Rate, 

% 

6, 

12, 

under 

side of 

under 

side of 


ysis^ 

dext 

lbs. 


% 

% 

seed, 

seed, 

seed, 

seed, 








% 

% 

% 

% 

I 

6-8-4 

21. 

400 

12.2 

13.6 

13.6 

7.7 

7.4 

4.8 

3‘4 

2 

6-8-4 

60 

400 

14.2 

13.6 

14.5 

7-9 

9.5 

5.3 

5.0 

3 

9-12-6 

29 

267 

13.8 

15.0 

12.2 

5-6 

5.5 

44 

3-8 

4 

9-12-6 

63 

267 

14.9 

14-5 

13,1 

6.2 

8.8 

4.9 

4*5 

5 

6-8-4 

21 

700 

12.2 

1 1.6 

14-3 

8.0 

7.2 

5-3 

4.2 

6 

6-8-4 

60 

0 

0 

13.0 

12.7 

13,-8 

8.8 

8.7 

54 

4.8 


9-12-6 

29 

467 

12.3 ■ 

14-3 

12.6 

8.2 

7*5 

4.6 

4.4 

8 

9-12-6 

63 i 

467 

15.3 i 

15-5 

13.2 

8.4 

9.5 

4-6 

4.7 

Averages : 








j 


Low salt index 


12.6 

13.6 

13.2 

74 

6.9 

4.8 

4.0 

Hig 

h salt index . . . 


14.4 

14.1 

13-7 

7.8 

9.1 

5-0 

4*7 

Low analysis 


12.9 

12.9 

14.1 

8.1 

8.2 

5-2 

4*4 

Hig 

li analysis. . . . . 


14.1 

14.8 

12.8 

7.1 

7.8 

4.6 

4.4 

Low rate. , . 



13-8 

14.2 I 

13.4 

6.9 

7.8 

4.9 

4.2 

High rate . . 



■ 13-2 

13-5 I 

13-5 

8.4 

8.2 

5.0 

4.5 


H!5_g_s and 9-12-12 in 1943 and 1944- 

t2S and 57, and 28 and 60, respectively, in 1941 and 1942. 


ment as compared to under seed placement in increasing the rate of 
emergence and the total plants is highly significant and unmistakable. 
In 1943 and 1944, at the first date of counting, with under seed place- 
ment and high salt index, an average of all fertilizers gave 50 and 65 
plants per 50 foot row, respectively. With the low salt index fertilizer 
the numbers were increased to only 86 and 90, With side band place- 
ment, however, the numbers were increased to 143 and 156 plants 
respectively. While side band placement did not entirely overcome 
the effects of high salt index in 1943, the total stand was consider- 
ably higher. In 1944 side band placement overcame the retarding 
effect of the high salt fertilizer. 

The relationship between rate of fertilizer and placement on plant 
stands is important. In 1944 (May 9) the high rate of fertilizer with 
under seed placement decreased the stand 28 per cent. With side 
band placement only a ^4 per cent decrease resulted. 

HEIGHT AND WEIGHT OF PLANTS 

Periodic , measurements of the height and weight of young plants 
in 1941 show a retardation of growth resulting from the high salt 
index. fertilizer of both the low and high analysis grades. This differ- 
ence in growth persisted for 6 to 8 weeks after planting. One month 
after planting the average height of plants ■ grown with a 6-8-4 


Tablk 4. -Ejfect of fertilizers on plant emergence expressed in number per so-foot row. 
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fertilizer (salt index 2$) was 3.1 inches as compared with 2.3 inches 
for the same fertilizer with a salt index of 57. This decrease was 
highly significant. The average height of plants grown with a 9“i2“6 
fertilizer (salt index 20) was 3.6 inches as compared with 3.1 inches 
for plants grown with the same fertilizer having a salt index of 60. 
Growth as indicated by the periodical weight of plants was corre- 
lated with the growth as indicated by plant height. 

YIELDS 

The primary effects of fertilizers of varying salt indexes and of 
fertilizer placement are on the rate of plant emergence, the plant 
survival, and rapidity of growth. The degree of retardation of plant 
emergence and the effect on surviving plants may influence plant 
stand and subsequent ^deld. 

In 1941 the yield of seed cotton was markedly increased by the use 
of low salt index fertilizers. The rainfall conditions were such that a 


Table 5. — Effect of fertilizers on yield of seed cotton expressed in pounds 

per acre. 


Fertilizer 



1943 

1944 


1941, 

1942, 






fertili- 

fertili- 






zer 

zer 

Perti- 

Ferti- 

Ferti- 

Ferti- 

No. Anal- Salt Rate 

under 

under 

lizer 

lizer 

lizer 

lizer 

vsis* indext 

seed 

seed 

under 

side of 

under 

side of 




seed 

seed 

seed 

seed 

I 6-8~4 21 400 

1,518 

L 93 I 

629 

930 

2,108 

2,268 

2 6-8-4 60 400 

1,140 

1,846 

574 

1,207 

2,229 

2,400 

3 9-12-6 29 267 

1.538 

L 775 . 

652 

1 ,002 

2,303 

2,400 

4 9-12-6 63 267 

1,269 

1,865 

650 

1,048 

2,237 

2,342 

5 6-8-4 21 700 ’ 

1,080 

1,649 

574 

701 

2,074 

2 , 575 ' 

6 6-8-4 60 700 

580 

1.746 

574 

L195 

2.143 

2,630 

7 9-12-6 29 ■'■''467 

L 339 

1,738 

546 

1,198 

2,357 

2,532 

8 9-12-6 63 '^467 

908 

1,635 

635 

965 

2,225 

2.634 

Ave:rages: 







Low salt index 

L367 1 

L 774 

600 

958 

2,21! 

2,444 

High salt index 

I 974 

L 774 

609 

1,104 

2,208 

2,502 

Low analysis. 

!' 1,079 

ii 793 

588 

1 ,008 

2,139 

i 2,468 

, ' High analysis . . ... ........ 

1,263 

L 754 

621 

1,052 

2,281 

2,477 

Low rate 

1,366 

L854 

627 

1,047 

2,219 

2,353 

High rate. . , . , .......... 

977 

1,692 

582 

1,015 

2,200 

2,594 

L . S . D . individual treatnients : 


1 






230 

108 

114 

114 

187 

187 

.01 . . .. . ............ 

307 

,144 

152 

152 

251 

257 

Average of four treatments: 







•05 

... ' 1 15 

54 

57 

57 


94';,': 

.01 . . . .......... ... . 

■ ■ 154 

: 72 

76 

■ 76 

, 1,26 r 

1 I26v 


*6-8-8 and 9-12-12 in 1943 and 1944. 

725 and 57, and 28 and 6o, respectively, in 1941 and: 1942. 
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Fig, I. — Effect of placement on response of cotton to additional amounts of 

. fertilizer in 1944. 

high amomt of fertilizer salts from the high index fertilizer moved 
into the root zone in .the see.dling plant period and .caused a, retarded 
plant emergence and-, poor stand. .The 7oO“pomid rate,. of fertilizer 
decreased, the yield. The low analysis fertilizers gave a lower. yield 
than the high analysis fertilizers. These are direct results of decreased 
plant stands and decreased plant vitality. 

In 1942, salt index did not significantly affect yields. The 700- 
pound rate of fertilizer again markedly decreased vields, as shown in 
Table 5. 

In 1943 and 1944 the yields were not significantly affected by salt 
index, rate, or grade of fertilizer. The high salt index fertilizers in 
1943 and 1944? a-s noted in Table i, contained i unit of nitrogen less 
than the low salt index fertilizers. This difference in nitrogen content 
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of the fertilizers might be expected to- influence the yield of cotton. 
However, it should be noted- that with under seed placeineiit the 
yields were practically the same and with side placement the yields 
were higher from the high salt index -fertilizers, indicating that this 
difference in nitrogen' content of the fertilizers was not an influencing 
factor. Placement of fertilizer was the important factor. Side band 
placement produced significantly, higher yields than' under seed 
placement giving a 71% increase in 1943 and a 12% increase in 1944., 
The increases in stand were 60% and 41%, respectively. . 

A significant point concerning the relationship between the use of 
higher amounts of fertilizer and placement is brought out in the 1944 
data. Combining the yields from each of four fertilizers applied at 
the 400-pound rate with the under seed placement and with the side 
band placement gives yields of .2,219 and 2,353 pounds of seed cotton 
per acre, respectively. At the 700 pound rate the yields are 2,200 and 
2,593 pounds of seed cotton shown in Fig. i. The difference between 
placem,ents at the low rate of application is 134 pounds. At' the high 
rate the difference is 393 pounds. This means that if higher amounts 
of fertilizer are to be applied, the placement giving the least injury 
to the cotton plant is necessary to obtain the greatest effi.ciency from 
the additional plant nutrients, 

SUMMARY 

The effects of salt index, analysis, rate of application, and place- 
ment of fertilizer on soluble salts in the soil of the root zone and in the 
plant, on plant emergence, and on final yields were determined in a 
series of field tests. 

High salt index fertilizers regardless of analysis gave a higher 
amount of soluble salts in the root zone soil than did the low salt 
index fertilizers. Placement, however, was the most important factor 
influencing the soluble salt content . of the root zone soil. Side band 
placement, as compared with ■ under . seed , placement, markedly 
decreased the .soluble salts in the root -zone.. A high rate of fertilizer 
applieation. .increased the soluble salts to some extent. ' . 

The effect on the soluble salts in the plant was not as marked, 
although the high salt index ■ fertilizers, the low analysis fertilizers, 
the 700-pound rate, and the.under seed placement did all tend to 
increase the soluble salt content:. There was only a fair correlation, 
between,, the soluble salts in the plant. and the soluble 'salt in the root 
zone soil , 

.Plant ,em,e,rgence. 'was retarded and -imperfect stands I'esulted from 
the use of fertilizers' with a high, salt index. Fertilizers of the same 
salt index, whether .of low analysis as the 6-8-4 6-8-8 fertilizers, 

or of high analysis '.as the' 9-12-6 or .9-12-12 fertilizers, all had ap- 
proximately the same, effect', on emergence and stand when used to 
supply equal amounts of nitrogen, phosphoric, acid, and potash. 'The 
relative importance of side-band placement and salt index in iiifluenc-^ 
ing plant emergence was demonstrated. While the use of low salt 
index -fertilizers .as compared, with high' salt index fertilizers increased 
cotton stands, side-band placement increased the stands to a greater 
degree. 
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The high salt index fertilizer reduced the yield of , cotton only 
one year, in 1941. High analysis fertilizers increased the yield this 
same year. Side-band ' placement of the fertilizer, as. compared to 
under seed, placement markedly increased yields.. The 700-pouiid 
rate of .fertilizer had a tendency to reduce yields when the fertilizer 
was placed under the seed. In 1944, under favorable environmental 
conditions, however, with side-band placement t,lie 700-pound rate 
gave a highly significant increase in yield over the 4oo-poitnd rate. 
No increase in yield from the' additional fertilizer was obtained with 
under seed placement. 

The potential injurious effect of a given amount of a fertilizer on 
cotton stands and on injury to surviving seedlings is i.n:fiue.nced by 
the salt index and by placement; as the. fertilizer rate is increased., 
the potential injurious effect is increased. The direct injurious 
effects of fertilizers on cotton are due to the high amounts of soluble 
salts affecting germinations, rate of emergence, plant survival, and 
rapidity of growth. The extent of the injury is influenced by the 
moisture, conditions prevailing during the emergence and seedling 
stages. Conditions favoring the movement of fertilizer salts from the 
fertilizer band to the root zone increase the injury. 

If the fertilizer injury is sufficiently severe to result in retarded 
plant development and in imperfect sta.nds after the cotton, is chop- 
ped, the yields are affected. Under a given set of environmental 
conditions the yield is the integrated product of the fertilizer effects. 

Potential fertilizer salt injury to cotton may be avoided by using 
high, analysis fertilizers with a low salt index and by placing the fer- 
tilizer in side bands with a combination fertilizer distributor and 
planter. This practice will not only reduce the cost per unit of plant 
nutrients, but will m.ake for . a greater efficiency from each unit 
.applied. 
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THE IMPORTAMCE OF PEANUTS LEFT IN THE SOIL IN THE 
INTERPRETATION OF INCREASES IN YIELD DUE TO 
SULFUR TREATMENTS^ 

Roger W. Bledsoe, Henry C. Harris, and Fred Clark“ 

S EVERAL workers in various states have reported (2, 5, 6 , 7,. 9, 12 , 
17, 18)'^ that the yields of peanuts have been increased by the 
use of sprays and sulfur dust. Others (4, 16) have pointed out that 
the results of fertilizer and other experiments with peanuts are fre- 
quently inconsistent, with a wide variation in response. Such varia- 
tion might be due to several factors. For example, treatment 
that would influence the date of maturity or diseases of the foliage 
or pegs probably would have an effect on the amount of nuts produced 
and left in the soil at harvest. For this reason it is necessary to have 
complete yield data before the results of a treatment can be properly 
evaluated. Some preliminary experiments with sulfur treatments of 
peanuts as related to yields have been conducted at Gainesville, Fla. 
The purpose of this publication is to give a summary of the results 
and to use some of them to illustrate how important the peanuts left 
in the soil during the digging process are to the interpretation of the 
results. 

This report deals with seven experiments conducted during 1944 
with a total of 420 plots. The sulfur treatments, with the exception 
of one experiment, were in conjunction with various fertilizer treat- 
ments. Only the effects of sulfur will be discussed in this paper. 

OUTLINE OF EXPERIMENTS 
EXPERIMENTS 1, 2, AND 3 

Florida^ Runner peanuts were planted April 20 on Norfolk fine sand which 
had been in peanuts the previous year. Peanuts following peanuts is not a good 
practice, but that system ^vas a part of the fertility phase of these expieriments. 
The pH value of the soil was 5.6 to 5.8 and a modification of the Morgan (8) 
rapid soil test indicated that calcium, magnesium, and potash were low and 
phosphorus between low and medium. 

Experiment i dealt with 15 .fertilizer ratios, experiment 2 with 6 placements 
of a 2-IQ-4 fertilizer at 300 pounds per acre, and experiment 3 with 5 combina- 
tions of lime, magnesium, and sulfur used in connection with 500 pounds per acre 
of a 2“ 1 6-10, fertilizer. 

_ Sulfur dust (325-mesli) was applied in strips by machineiy across the fer- 
tilizer plots in the above three experiments. This formed dusted and nondusted 
sub-blocks composed of four-row plots 12 X50 feet. The dust treatment in experi- 
ment 1 was duplicated and triplicated in experiments 2 and 3. Sulfur dust Was 
applied in three , applications, June 16, June 29, and July 13, at approximately 
20 pounds per acre per dusting. The peanuts were harvested September 7 and 1 
Lime seemed to hasten maturity and some of the nondusted plots in experiment 3 
probably should have been harvested' sooner. 

Contribution from the Department of Agronomvy Agricultural Experiment 
Station, University of Florida, Gainesville, Fla. Published with the ap])rova..l of 
the Director. Received for publication March 15, 1945. 

^Associate Agronomist, Associate Agronomist, and Assistant Agronomist, 
respectively* ■ 

Tigures in parenthesis refer to “Literature Cited”, p. 694. ■ 

689 . 


nff.rt „f fertilizer's on plant emergence expressed^njm^cr^^ 


6gO JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 
EXPERIMENTS 4, S, AND 6 

These experiments -were similar to experiments i, 2, and 3, respectively^ 
except that thej^ were conducted' on Arrendonda loamy fine sand which had been 
idle the previous year. The pH- value of the soil was 6.2 and the rapid soil test 
indicated that calcium was low and magnesium, phosphorus, and potash medium. 
Dusted and nondusted parts of three-row plots were 9 X50 feet. Florida Runner 
peanuts were planted May 19 and harvested September 25. Plants were dusted 
June 29, July 13, and July 28, using the same rate and method as above. 


EXPERIMENT 7 

This study consisted of time, rate, number of applications, and method of 
applying sulfur to peanuts. The soil was Norfolk fine sand which was not cropped 
in 1943 fertilizer was not applied because the soil was thought to be m a 
productive condition for peanuts. The pH value was 6.2 and rapid soil tests 
indicated that calcium was low and magnesium, phosphorus, and potash medium. 
Dixie Runner, a hybrid developed by the Florida Experiment Station and similar 
to the Florida Runner, was planted in this experiment May 10. The sulfur treat- 
ments were replicated in four randomized blocks composed of two-row plots 6X25 
feet. ' " 

Sulfur dust (325-mesh) was applied in all of the following combinations: 
I . Rates: 20, 60 and 100 pounds per acre applied to the soil or on the foliage. 2. Ap- 
plications: (a) Each of above rates applied to foliage or soil in one application at 
38, 62, and 86 days after planting, (b) Each of above rates applied to foliage or soil 
in three applications beginning 38, 62, and 86 days after planting. 

Where dust was applied to the foliage, a cage the size of the plot was used, the 
sides of which were covered with six thicknesses of cheesecloth to a height of 5 feet 
to prevent the drifting of sulfur. Dustings were done by shaking on the plants 
weighed quantities of sulfur through 12 thicknesses of cheesecloth. This method of 
application pi'obably did not give as thorough distrilmtion as machine dusting 
which was used in the other six experiments. 

Where the sulfur was put on the soil, weighed quantities were mixed with 
soil from the respective plots to increase bulk and to assure more even distribution^ 
The sulfur treatments were distributed by hand on the soil under the plants when 
the foliage was dry. Care was exercised to prevent the sulfur from getting on the 
foliage. This was done to determine whether there might be a diiterence in the 
influence of sulfur when applied on the foliage or on the soil. 

The sulfur treatments for the 38-, 62-, and 86-day periods were applied June 19, 
July 13, and August 6, respectively. Where there were three applications of .sulfur, 
the first w^as applied on the date indicated and the other two at approximately 
12-day intervals. In this way treatments continued throughout the summer until 
September 2. Peanuts wei'e harvested September 25 at which time the nuts were 
considered to be at the proper stage for digging. 

Ill all experiments the peanuts were harvested ivitli a peanut plow which cut 
the tap roots of the plants. After curing, the plants were hand stacked according 
to the custom in the peanut area. 

RESULTS 

A summary of the 'effect of the sulfur, treatments on the yields of 
.peanuts for the seven experiments. is given, in Tables i, 2 and'3. A 
:';„statistical analysis indicated that only the differences in experiment 3 
.were significant.’ In that case. the increase in yield due to dusting 
.was - r 2 . 8%. ^Sulfur treatments in e.xperim.ent: 7 had no .infl.ueiiGe on 
....total ..yields ..’of;.' peanuts' -regardless of whether, the sulfur was .dusted 
on plants or placed on the soil. 

Sulfur dustings this year at Gainesville had little influence, ' on leaf-,, 
spot or total yield of. peanuts as contrasted with results reported by 
other workers ■5,- 6, 7, 9, 12, 17, 18) where only the peanuts 
remaining on the'' vines were considered. Furthermore, unpublished; 
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Table 1.— Total yields in pounds per acre of Florida Runner peanuts and 


Experiment ; 

' No. 

Treatment 

Total >deld in j.joiinds per 
acre from sub~l)lodvS 

I 

No dust 

1,165 


Dusted 

1,290 

2 

No dust 

1,285 


Dusted 

1,261 

3 

No dust 

.1,260 


Dusted 

1, 4,22 ^ 


^^'Significant difference at the 5 % level. 


Table 2 . — Yields in pounds per acre of Florida Runner peanuts harvested bui n&i 
■ sieved out of the soil of sulfur-dusted and nondusted sub-blocks of experimenis 4, 5 

and 6.* 


Experiment i 

' No. 

Treatment 

Yields in pounds per acre of 
peanuts fro,m sub-blocks 

4 

No dust 

816 


Dusted 

900 

5 

No dust 

757 


Dusted 

879 

6 

No dust 

760 


Dusted 

818 


'•'Differences were not significant according to the “F” test. 


Table 3. — Meaot yield m pounds per acre per plot of four replicates of Dixie Runner 
peanuts harvested and sieved out of the soil when sulfur was applied at different 
dates and times on the foliage or the soil in experiment 7.* 


Amount 


Yield in pounds per acre . wliere. 'sulfur was applied 
number of days indicated after plant in<{ 


applied 
per acre, 
lbs. ; 

appli- 
... cations 

38 days’ 

62 days 

86 da'vs 

, , , ' . 


Dust 

On soil 

Dust 

On soil 

Dust ! 

On soil 

20 

I 

1,249 

bX 33 

1,336 

1.423 

1.365 

1 1,336 

60 

'. I 

1,307' 

1,162 

, 1,278 1 

1,481 

i,oi6 ■ 

1 1,423 

100 . 

I 

1,481 

1,220 

1,510 

b 539 

X452 

'■394 

.20 ., ; 

5 

b394 

1,278 

1,220 ■ 

987 

1,278 

i 1,220 

60 

- '.3' 

b33b 

i 1,307 

1,394 

1,307 

i,394 

‘ b394 

100 , 

3 

b394 

1,394 

i 1,626 

1,423 

: b5I0 

;. 1 

bi33 


Check I (no sulfur; mean of 4 values) 1,074 Ib^- 
Clieck 2 (no sulfur; mean of 4 values) 1,394 
Check 3 (no sulfur; mean of 4 values) 1,423 lbs. 


; '•'Differences,, were not significant according to 'the -“F” 


test. 
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data of the Florida Agricultural Experiment Station for the past 5 
years indicate a 15 to 20% increase in yield of nuts due tO' sulfur dust 
when no consideration is given to nuts left in the soil» Jul}?- and 
August were damp and rainy in 1944 (Table 4) and conditions seemed 
favorable for leaf spot development. Leaf spot was present in all ex- 
periments, and when plots in experiment 7 were rated September 12 
with the assistance of plant pathologists, results showed no correla- 
tion between treatment and disease control that year. 


Table 4. — Prexipitalion in inches at Gainesville, Fla., dairing the peanut growing 
season of IQ44 as compared to the normal P 


Season 

May 

June 

July 

August 

September 

1944- 

i.8o 

I 3-73 i 

9.32 

7.16 

' 2.66 

Normal — i 

3 U 5 i 

! . 6.84 . i 

7.34 

6.50 

5-37 


^Climatological Data, Florida Section, Weather Bureau, U. S. Department of Commerce. 


Some authors (2, 7) have reported that sulfur dust controls leaf- 
hoppers. Although peanut damage from leafhoppers has not been 
reported on peanuts in Florida, the velvet bean caterpillar, Anticar sia 
gemmatilis (HBN.), frequent 1 .y causes serious damage. An infesta- 
tion of that insect was seen August 23, 1944, and one application of 
20-80 cryolite dust seemed to give a good control of the worms. It 
appeared that sulfur acted as a repellent to the moth, for those plots 
recently dusted were relatively free of worms. 

Although peanut hay yields for the experiments are not reported, 
sulfur ' gave a statistically significant increase in yield of hay in 
experiments 3,- 4, and 5. It is possible that the increased hay yield 
of sulfur-dusted plots was partly due to less caterpillar damage. If 
sulfur dela^^s maturity, an increase in hay yield would be expected 
in experiment 3 since some of the nondusted plots of that experiment 
were harvested a little late.. It should be noted that sulfur had a 
significant effect in more experiments on the hay yields than on the 
nut yields, 

PEANUTS LEFT IN THE SOIL 

When the peanuts were harvested by the ordinary digging process, 
it was observed that manjr were left in the soil on some plots. Because 
of this the soil of all plots in experiments i, 2, 3, and 7 w^as sieved 
to check the amount of peanuts shed. It was thought that shedding 
was not , a factor in the other experiments. liowever, the results 
secured by sieving the. above experiments leave that point in doubt. 
Randomized samples of 20% of each plot in experiment 7 and to% 
of each plot in experiments i, 2, and 3 were sieved to determine the 
quantity of nuts left in the soil. 

The results of sieving for experiments 2 and 3 will be given as 
examples since there was no significant difference in the sieving re- 
sults for experiments i and 7. The yields for the dusted and nondusted 
half of each block were compiled for harvested nuts, nuts left in the 
soil, and total yield of nuts (Table 5). In both of these experiments 
sulfur significantly increased the yields of nuts retained on vines, 
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but the nondusted plants shed more nuts than ■ the sitlfur-dtisted 
plants. If total yields of nuts, that is the nuts on the vines plus those 
sieved out of the soil, should be considered as the response to sulfur, 
then in experiment 2 sulfur had no effect on the yields while in 
experiment 3 it had only a slight' effect. In other words, opposite 
conclusions could be drawn from the two sets of data. The data this 
season seem to show that sulfur prevented decay of the pegs, making 
it possible to harvest more of the nuts with the vines rather than 
increasing the total production of nuts by controlling the leaf diseases. 
These experiments indicate how important it is in dusting and fer- 
tilizer experiments to have information in regard to total yields. 
Without that information it appears that it would be difficult to 
evaluate accurately the effect of treatment on the yield of peanuts. 


Table: 5* mfiuence of stilfuf dusting on average yield hi pounds per acre of 

peanuts retamed on vines, peanuts left in soil, and total yields per sub-block in 
experiments 2 and 3. 


Treat- 

Peanuts retained on 
vines, lbs. 

Peanuts sieved out of 
soil, lbs. 

Total yield, 
lbs. 

ment 

Avera,ge % increase 

Average % increase 

Average % increMsc 

Dust. . . 1 
No dust. 1 

1,119* 1 H-o 1 

982 I I 

Experiment 2 

I 142 1 ! 

303 i 1134 1 

1,261 1 

1,285 1 1.9 

Dust. . . 1 
No dust. 1 

1,196** 1 51.4 1 

790 1 — 1 

Experiment 3 

226 1 1 

470* 1 1 08,0 1 

1,422* 1 12.8 

1,260 1 

^Significant at the 5% level. 


^^Significant at the i % level. 


DLSCUSvSION 

_ Sulfur treatments sigirificantly increased the yield of peanuts 
m only one of seven expenments. Peanut hay yields were signifeantlv 

Dusting ™ done at different dates all through the sLL1.'’S'if 

the time of dusting is a factor it would seem that some of the applica- 

No explanation is offefeKr 

_ The amount of peanuts left in the soil is of importance in anv stuilv 

process. Several authors (7 o 

in the soil. Others (2, 7) infecate that 

of peanuts. One whehio) sSes^that^whWf 

aoolied diseases nf tlie States ttiat when sulfur dust is propcr v 

so^l Due to the neghgible and few nuts are kk in th'e 

result a certain oercentaD-ra r 4 - 1 . cct time to harvest and as a 

result a certain percentage of the nuts are always left in the soil. 
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Crops of some plants of indeterminate growth, habit., are iistialiy 
lian?'ested two to three times during a season which is ■, impossible 
with the peanut. The Runner peanut has an indeteiminate .growth 
habit and may. flower almost incessantly over a period of approxi- 
mately two months (13). The fruits are distributed from the basal 
to the terminal region of the branches or occur in clusters along the 
branches (7, ii, 15). The nuts mature in the sequence of flowering 
and when plants are har\^ested some of the mature nuts at the bases 
of the mniiers have passed maturity and- are left in the soil, while 
the ones at the temiinal ends are immature. . 

Some authors (4, 16) have mentioned that results obtained from 
experiments with peanuts are frequently inconsistent. Could it be 
that the inconsistent results are -due in part tO' incomplete yield 
records? The results in Table 5 show how it might be possible tO' 
draw erroneous conclusions from incomplete yields. Fertilizer treat- 
ment influences' the yield of peanuts (3, 14). Therefore, treatment 
would be expected to influence the number of fruits set and the date 
of maturity of the nuts. When plants receive different cultural 
treatments and are all harvested at the same period is it not possible 
that plants of some treatments are favored while others are at a dis- 
advantage? 

To evaluate properly the complete effect of treatment it would 
seem that total yields, nuts han^ested and nuts left in the soil, and 
the amount of shrivels, as an index of maturity, would be necessary 
for interpretation of results, 

CONCLUSIONS 

The results presented in this paper seem to justify the following 
statements: 

■ I. In general, sulfur treatments did not materially affect the total 
yields of peanuts in field experiments at Gainesville, Fla., in, 1944. 

2. In two experiments there were significant increases in the yields 
of the nuts on the vines, but .when the amount of nuts left in the soil 
were added to those there was no material difference in the total 
yields of the dusted and nondusted treatments, suggesting that sulfur 
only caused a higher percentage of peanuts to remain on the vines. 

3. The maturity of peanuts with different treatments should 
be considered in deciding on the date of har\^est. 

4. The amount of nuts left in the soil is an important factor in the 
interpretation of yield data of peanuts. Examples are given where 

.opposite conclusions could -be drawn with.. and without information 
on the/ quantity of nuts left in the soil. This suggests that it is practic- 
ally impossible to prove' what effect treatments have on the yields of 
■peanuts without having complete information. ' ' ' 
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THE EFFECT OF CALCIUM ON CERTAIN CHARACTERISTICS 

OF PEANUT FRUITS- 

W. E. Colwell and N. C. Brady*^ 

T he effects of various elements on. the yield of peanuts and the 
development of kernels have already been discussed (1,2, 3).*^ The 
present paper deals with certain characteristics of peanut fruit as 
affected calcium supply. 

On soils low, in calcium, applications ,of calcium sulfate to the 
foliage at blooming time have been found markedly to increase jdelds 
and kernel development of large-seeded t^^pe peanuts (i,' 2).. Addi- 
tions, of 'potassium or magnesium sulfate were, in general, slightly 
detrimental to fruit filling. Also, the use of dolomitic limestone did 
not result in proper kernel development. 

Tha,;t the nutrient requirements ■ of peanuts must be considered 
on the basis of variety has been pointed out (3), For example, large- 
seeded type peanuts have been found to respond much more to cal- 
cium additions' than the small-seeded Spanish varieties. For this 
reason, in this paper consideration will be given to differences due to 
varieties, , 

The data reported herein were obtained sirnultaneorusly with those 
on yield and quality from the ffeld experiments referred to above. 
This was made possible through the use of classification and sampling 
technics which have been described in detail elsewhere (2). Particular 
attention was given to the effects of nutiients upon (a) the propor- 
tion of 2 -cavity size fruit, (b) the percentage fill in the i- and 2 -cavity 
size fruits, and (c) average weights of kernels from several fruit 
categories. 

In some of the experiments referred to above, three varieties of 
small-seeded peanuts were compared with Virginia Bunch, and data 
are therefore available to compare the effects of treatments on the 
fruit characteristics of the four varieties. 

Since the treatments used varied somewhat from experiment to 
experiment, their description is given in Table i. The locations are 
designated in all tables by the initials of cooperating growers. 

RESULTS AND DISCUSSION 

PROPORTION OF TWO-CAVITY SIZE FRUIT AS AFFECTED BY 
CALCIUM, MAGNESIUM, AND POTASSIUM 

Peanuts were classified in such a manner that it was possible to 
calculate the percentage of the fruit in a given sample whicli con- 
tained either 3, 2, or i ovarian cavities.'^ Since the percentage of fruit 
in the 3-cavity size group was very small, varying from -o.o to 5.0%, 
the fruit of the i- and 2-cavity size gi’oups constituted virtually 100% 

C-ontribution from the Department of Agronomy, Nortli Carolina Agricul- 
tural Experiment Station, Raleigh, N. C. Published with the approval of tlie 
Director as Paper No. 210 of the Journal Series. Received for publication IXinnJi 

“Associate Agronomist and Asvsistant in Agronomy, respectively, 

'^Figures in parenthesis refer to “Literature Cited”, p. 708. 

•^A peanut fruit has one or more compartments in each of which one kerne! 
may form. An individual compartment is referred to as an ovarian cavity. 
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Table i, — -Treatment designations and descriptions at each of seven locations. 


Treat- 


Rate in 


ment 

Source 

lbs. per 

Placement 

designa-. 


acre 


tion 



j ■ ' 


Location MLW 



No treatment 



K2SO4 

48 lbs. K2O 

Mg 

MgS04.H20 

15 lbs. MgO 

Ca 

CaS04.2H20 

400 pounds 

K-K....i 

K2SO4 

961bs.K20 

Mg-Mg . 

MgSO^.HsO 

30 lbs. MgO 

Ca-Ca 

CaS04.2H20 

800 lbs. 


Rooting or fruiting medium as indicated 


One half placed 3-5 inches below the seed 
at planting and one half on. the row at 
early bloom 


Locations RPF, FWR, ZRW, and RD 


CK 

G.. 

K. , 

L. . 


No treatment 

CaS04.2H20 

KCl 

Doloinitic lime 


400 lbs. 

45 lbs. K2O 
400 lbs. 


On the row at early bloom 
Top dressed at emergence 
In row at planting 


Locations WAT and ENE 


CK 

No treatment 1 



G 

CaSOi.aHsO 

400 lbs. 

On the row at earlv bloom 

K' 

KCl 

48 lbs. K2O 

In row at planting 

L 1 

Dolomitic lime 

400 lbs. 

In row at planting 


of the total. Tlitis, tlie main effect of treatment may be shown by 
reporting values from either of the latter groups. In the present 
study, the percentages of fruits containing 2 cavities are reported. 

At location MLW.^(Ex.Ca 0.50 M.E. per 100 grams) comparisons 
of the effects of various placement combinations of the sulfates of 
calcium, potassium and magnesium showed that the fruiting medium^ 
application of calcium sulfate resulted in a higher proportion of 
2-cavity size fruit than did any other treatment (Pig. i). This 
beneficial effect was noted regardless of rooting medium treatment. 

There was a tendency for potassium placed in the fruiting medium 
to reduce the percentage of 2-cavity size fruit, the decrease being 
significant when with it, magnesium wms supplied to the rooting 
medium. Magnesium placed in the fruiting medium decreased the 
percentage of 2 -cavity size fruit except when accompanied by cal- 
cium in the rooting medium. The effects of these three cations in 
varying the proportion of fruit sizes are in general similar to those 
obtained on yield ■ and kernel development (i), but the differences 
observed were of much smaller magnitude. 

The effects of calcium and potassium on the proportion of fruits 
in the two size groups were determined at several other locations. 
Data from five of these where soil calcium varied from 0.21 to 1.39 
M.E. per 100 grams soil are shown in. Fig. 2 . 

The term “fruiting medium’' refers to the surface 3 or 4 inches of soil where 
the peanut fruit develop. Applications of fertilizer to this zone were made in 
early July. The term “rooting medium” refers to a lower horizon of soil where 
root growth takes place and applications of fertilizers to this zone were made 
below the seed at the time of planting. 
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C* 



CM 



nj 


NO TREATMENT CALCIUM 



POTASSIUM 


MAGNESIUM 


ROOTING MEDIA TREATMENT 

Fig. I.*— The percentage of two-cavity size fruit as affected by calcium, potas- 
sium, and magnesium. The four rooting medium treatments are indicated at 
the base of the graph and consist of the following: No treatment, and the sul- 
fates of calcium, potassium, and magnesium. At each of these, the same vari- 
ables with respect to quantities of these elements occui' as fmiting^ medium 
treatments. The latter are indicated by symbols above their respective bars. 
Complete treatment descriptions are given in Table i. A = L.S.D. (,05) and 
B = L.S.D. Coi). Location MLW, 

It is readily noted that the use of gypsum on the three soils lowest 
in calcium resulted in fruits of which a significantly higher proportion 
were of the 2 -cavity size. This treatment exerted a marked beneficial 
effect on yield and kernel development at these three locations (2). 
:At locations RD and ENE where the contents of soil calcium were 
somewhat higher the addition of calcium was without effect in 
increasing the proportion of 2-cavity fruit. At these locations, how- 
ever, there was a response to calcium as measured by ^deld and kernel 
development, although it was less pronounced than that which 
occurred on the three soils of lowest calcium contents. 

The effect of the limestone treatment on two of the soils low in 
calcium was beneficial, although not to the same degree as was 
gypsum. Potash did not affect the proportion of 2-cavity fruit in any 
of the experiments. 

At four locations N. C. Runner,- Spanish 2B,,and White Spanish 
.varieties were grown along with Virginia Bunch, The effects of treat- 
.:ment: bn the proportion of 2-cavity fruit of N, C. Runner is shown in 
Fig. 3. As with Virginia Bunch, added calcium exerted a marked in- 
crease in the percentage fruit of 2-cavity size on the three soils low^'est 
in calcium. Gypsum was again without significant effect at location 
RD where soil calcium was relatively high. 

Corresponding data from Spanish 2B and White Spanish varieties 
showed essentially no effect of calcium on the proportion of 2-cavity 
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CK G GK LK 
RPF 

Ca«>.2J me 


CK G GK LK 
FWR 

Ca«.54 me 



CK G GK LK 
2RW 

Ca« 54 ME 



nam 

CK G GK LK 



O G L 


RO 

Ca«!J5 me 


ENE 

Ca»L39ME 


Fig. 2.— The proportion of two-cavity fruit of large type peanuts as affected by 
fertilizer treatment at five locations. Virginia Bunch at all locations except 
ENE, where Jumbo Runner was used. See Table i for treatment descriptions. 
A “ L.S.D. at the .05 level; B = L.S.D. at the .01 level. 


fruit (Table 2). The comparative behavior of the four varieties with 
respect to added calcium is in agreement with the observed effects 
of this element on yield and kernel development (3). 

Although a complete explanation of the effects of calcium on these 
fruit characteristics cannot be made, supplementary morphological 
data recently obtained by Smith (4) provide a basis for certain' 
postulations. An examination of a large number of ovaries of the 
Jumbo Runner and Spanish 2B varieties in late bud and open flower 
stages showed the presence of at least two- and occasionally three 
ovules. In some 400 cases, he did not find an ovary which contained 
only one ovule. Thus, it may be assumed that in the i-cavity size 


Table 2 , — The effects of treatment on the percentage of fruit of 2-cavity size of two 
varieties at four locations. 


Treat- 

ment* 

Spanish 2B 

White Spanish 

RPP 

FWR 

ZRW 

RD 

RPF 

FWR 

ZRN 

RD 

Ck , 

65.2 

57.7 

67.7 

77-0 

60.1 

62.1 

69.0 

70.0 

G 

, 66.8 

■ 68.2 

70.7 

79-8 

67.2 

63.9 

76.0 

78-5 

GK 

72.1 

71.2 

72.3 

79.5 

68,5 

71.4: 

71.3 

79-5 

LK 

60.8 : 

55*3: ' 

68.3,: 

78.0 

59.2 

,61.0 ; 

, 68.3 , / 

77.8 

L.S.D. (.05) 

, 8.6 j 

7.7 

9.1' 

9.3 

8.6 

7,7 '■ 

9.1 

■ ,9-3 ' 


*See Table x for, treatment' descriptions. 
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RPF FWR ■ ZRW RD 

Ca=.2I ME Ca».54.ME Ca*.54ME Ca»!.15M£ 

Pig. 3, — The effect of treatments on. the proportion of two-cavity fruit _of the 
'N. C. Runner variety. (See Table i for treatment descriptions.) A ~ L.S.D. at 
the .05 level; B = L.S.D. at the .01 level. 

fruits referred to above, at least one ovule aborted at a stage so early 
that subsequent shell development did not take place. At maturity, 
therefore, such fruits are of i-cavity size and appear to have had 
only one ovule. Thus, the effect of calcium as shown by .increased 
numbers of 2 -cavity size fruits seems to be one of reducing the num- 
ber of abortions in the initial stages of development. 

This observ^ation is particularly interesting when consideration 
is. given to the effect of calcium in increasing the percentage of .the 
ovarian cavities which were: filled. Since in the latter case normal 
shell growth has occurred, and the undeveloped ovules can be seen 
with, the naked eye, it is apparent that the effect of calcium has been 
one associated wdth the prevention of abortion at a comparatively 
late stage, in fruit development. If this is true, the effect of calcium 
in the tw^o cases noted might be assumed to be the. same, i.e., the 
prevention of abortion; the principal difference being the stage at 
which it is exerted. 

Of interest concerning the role of calcium in fruit development are 
(a) the data in Fig. 2 which show that on the two soils of highest 
calcium levels no increases in proportion of fruit of: a-cavity size 
resulted from the use of calcium even though this element did exert a 




ROOTING MEDIUM TREATMENTS FRUITING MEDIUM TREATMENTS 

Fig. 4 . — -The effect of fruiting and rooting medium treatments on tlie filling of 
two- and one-cavity fruits of Virginia Bunch variety. At the left, for the four 
rooting medium treatments as indicated, the separate fruiting medium treat- 
ments are not presented individually; similarly at the right the rooting medium 
variables are not presented separately. A = L.S.D. (.05) for comparing the 
effects of treatment on either fruit size. B — L.S.D. (.05) for comparing the 
effects of fruit size at any one treatment. Location MLW. 

marked beneficial efiect on kernel development; (b) also, the relative 
increases in percentage fruit of 2 -cavity size as brought about by 
calcium were much smaller than the corresponding increases in 
kernel development (2). 

Thus it would appear that the level of calcium necessary to pre- 
vent abortion in the later stages is higher than that necessary to 
prevent abortion in the early stages. In view of these considerations, 
an adequate supply of calcium throughout the entire period of devel- 
opment would be expected to result in larger numbers of well-filled 
2 -cavity size fruit than would calcium supplied at later periods only. 

Quite in line with this hypothesis are the results heretofore pre- 
sented showing that from the soil highest in calcium (location UCP) 
better quality fruit were obtained without added calcium than from 
any other soil even with the addition of gypsum. 

PERCENTAGE FILL IN THE TW"0- AND ONE-CAVITY FRUITS AS 
AFFECTED BY TREATMENT 

By classifying peanut fruit according to the procedure referred 
tO: earlier in this paper, it was possible to "determine the effect of 
treatment not only upon the proportion of fruits of a given ■ size/ as 
just discussed, but also the effect of treatment upon percentage fill 
in each of the 2- and i-cavity size fruits. . ■ 

Data on VirginiayBunch .variety from location, MLW ..presented 
in Fjg. 4 show that, in general, there was relatively, higher percentage 
fill in the fruit of the 2 -cavity size. Additional data on large type 
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peanuts from, six expe.rimeiitS' presented in Table 3 .sliow, also that, 
in general, there was a higher percentage 'fill in fruits of the 2-cavity 
size than in fruits of the i-cavity-.size. - Furthennore, soil treatment 
did not alter this relationship even though the actual values were 
raised considerably by the use of- calcium. It is evident that for 
the Virginia Bunch variety fruit of both groups respo,nded to calcium 
to approximately the same degree, with a slightly pooi'er iill in the 
.fruits of the i-cavity size. 


Table 3. — The effects of treatment on the percentage fill of 2- and i-cmiiy' she 
fruits of large type peanuts 


Treatment t 

■| 

Percentage ovarian cavities 
filled 

Percentage ovarian cavities 
filled 

2 -cavity fruit 

I -cavity fruit 

2-cavity fruit 

I -cavity fruit 


Location ZRW 

Location RD 

Ck. 

n.6 

5.9 

17.0 

14.7 

■G 

39.0 

35*8 

38.3 

25.8 

GK 

36.6 

35*3 

44-3 

32.3 

LK 

20.4 

15-8 

13-3 

9.8 

Average 

26.9 

23.2 

28.2 

20,7 


L.S.D. (.05) 

11 

G 

00* 

II 

^ 6.8 c = 3.4 

a = 14.3 b = 

14.7 0 = 7.4 


1 

Location FWR 

Location RPF 

Ck 

13.5 

8.6 ^ 

14.7 

16.2 

G 

39-8 

28.1 

52-3 

45.0 

GK 

LK 

37.7 

14.5 

29.6 

6.9 

46.4 

25-9 

46.3 

1 1.2 

Averas^e 

26.4 

18.3 

34-8 

29.7 


L.S.D. (.05) 

a = 10.2 b = 

= 8.7 c = 4.4 

. a — 7.0 b = 

6-4 c = 3-5 


i Location WAT 

Location ENE, 

Ck 

39.7 

30.1 

30-3 

25.5 

G 

66.9 

57.1 

42.7 '. 

43-c 

: h 

69.6 

56.0 

■3U5, 

15.I ■ 

'Average. ......... 

58.7 

47*7 

34-8 

.27.9.:, 


L.S.D. (.05) 

a = 15-5 b = 

104 c - 5.2 

a = 14.3 b = 

-'10.9 ,-e =''5.5'. 


'i'-Pour replications at RD, FWR, and RPF, and three' at ZRW-,- WAT, and ENE. Virginia 
Bunch varietj^ at all locations except atRNE where Jumbo Runner were grown, a = L.S.D. (.05) 
for comparing values within a given fruit size column; b == L.S.D'. (.05) for comparing values at a 
given treatment level; c = L.S.D. (,05) for comparing average values. 
fSee Table I for treatment descriptions. . 



LOCATION RPF LOCATION FWR 

Fig. 5. — The effect of treatments on the filling of two- and one-cavity fruits of the 
N. C. Runner variety. A = L.S.D. (.05) for comparing the effects of treatment 
on the filling of either fruit size. B = L.S.D. (.05) for comparing the effect of 
fruit size at any one treatment. 

Since at four locations four varieties were grown under comparable 
conditions, data are at hand to compare varietal behavior with respect 
to the effect of treatment on the percentage fill in fruit of the two 
sizes. In contrast to the slight effect of treatment noted for Virginia 
Bunch, , data from the N. C. Runner variety presented in Table 4 
and Fig. 5 show that , the percentage fill of the i~cavity size is rather 
constant, whereas that of the 2-cavity size is markedly influenced by . 
treatment. Although the calcium response of N. C. Runner, as meas- 
ured in terms of yields of kernels per acre, was not found to be as great 
as that of Virginia Bunch (3), it is apparent that kernel development 
ill the 2-canty fruit was affected more by calcium supply than that 
of the corresponding fruit from the Virginia Bunch. 

Data for the Spanish 2B variety at the four locations are given in 
Table, ,5; As with N. ,C, Runner, .calcium exerted a greater effect , 
upon kernel development in fruit of the 2-cavity size. As shown by 
the data ill' Table 6, both fruit sizes of the White Spanish variety 
responded to calcium in about the same degree. Thus, in this respect, 
the behavior of 'White Spanish and Virginia Bunch is quite similar 
and is ill marked contrast to that of either N. C. Runner of Spanish 
2B. . . . , ■ ■ 

The most consistent effect noted' in these' data, aside from that 
of calcium response, is the relatively high percentage of cavities 
'fiLlled 'in the 2-cavity fruits. This is particul'ariy interesting since it 
is the exact opposite to what one might expect on the basis of ovule 
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Table 4. — The effects of treatment on the percentage fiU of 2- and i-awiiy size frmfs 
of the Runner mriety."^ 


TTeatmeii'it 

Pe.reenta.ge ovaria'n cavities 
filled 

Percentage cuvities 

2 -cavity fruit 

j 

I -cavity fruit I 

I 

2-cavity fruit j 

I 

i-c(ivity fruit 


Location ^RW 

' Location. RD 

^ Ck ' 

37-8 

29.2 . ’ 

46.7 

36.8', 

G 

63-7 

394 

49-7 

42.6 

G'K 

60.4 

41.0 

47 M 

36.3 

LK 

35.5 

22.3 

44.1 

30.2 

Average. 

494 

33-0 

46.7 

36.5 

L.S.D. (.05) 

a = 8.7 b = 

= 6.8 c = 3.4 

a = 14.3 b = 

14.7 c = 7.4 


’''Three replications at ZRW; four at other location, a = L.S.D. (.03) for comparirig values 
within a given fruit size^ column; b — L.S.IJ, (.05) for comparing values at any given treatment 
level; c = L.S.C. (.oS) for comparing average values. 
fSee Table i for treatment descriptions. 


competition. In, other words, it is conceivable that a given ovule, 
regardless of the fruit in which it grows, requires certain constituents 
for its development. Other things being equal, on the basis of, com- 
petition between ovules .one might expect a smaller pereent.agc^. of 
the ovules to develop in fruits which contained 2 cavities. 

According to Smith’s (4) results already referred to, however, it 
is .. likely that comparisons between fruits of di.ffereiit caA^ity sizes, 
are invalid due to physiological abnormality of the ,i-cavity fruit.s 
which resulted from early st.age abortion. If this is true, any explana- 
tion, based on competition alone would be inadequate. 

Although it has been shown (4) that i-cavit^r fruits have likely 
resulted from an ovule abortion at a very early sta,ge of development, 
the stage at which this occurs is not known. Without this information 
an adequate explanation of the better filling of ■ 2-cavity fruit is diffi- 
•Ciilt to make. If the early abortion occurred before the gynopliore 
struck the ground,' the internal environmental conditions responsible 
may' have affected the remaining ovule in such a manner that subse- 
quent normal development wms less certain. If, on the other hand, 
the gynopliore had penetrated the ground before the first aliortion 
occun'cd, the external enyironment may ha\^e been responsibile for 
poor filling of i-ca.vity fruit. It is conceivable that soil conditions, 
including soil calcium, were such in the immediate vicinity of tJie 
penetrating gynopliore that the .development of one ovule and the 
surrounding shelh w.as prevented. If the- remaining ovule developed, 
it had to do so in the same area' .of the soil wherein conditions for 
such development were probably' unfavorable. These unfavorable 
effects evidently outweighed, 'any. advantage from the standpoint of 
competition that the. one:', ovule'. had: and few^^ developed ovules in 
the i-cavity fruits resulted. 
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Table 5. — The effects of treatment on the percentage fill of 2- and i-camty size' fruits 
of the Spanish 2B variety.'-^ 


Treatinentf 

Percentage ovarian cavities 
filled 

Percentage ovarian cavities 
filled 

2 -cavity fruit 

I -cavity fruit 

2 -cavity fruit 

I -cavity fruit 


Location FWR 

Location RPF 

Ck 

37-6 

34-1 

52.4 

63.2 

G 

61. I 

5 U 4 

74.7 

65.6 

GK 

53.9 

49.5 

71. 1 

60.4 

LK 

30.7 

29.8 

37.7 

44.5 

Average 

45-8 

41.2 

39-0 

584 

L.S.D. (.05) 

a = 10.2 b = 

= 8.7 c = 4.4 

a = 7.0 b “ 

■ 6.4 c = 3.5 


Location ZRW 

Location RD 

Ck 

44.9 

49.5 

504 

38.5 

G 

637 

56.3 

60.9 

434 

GK 

64.4 

51.2 

56.8 

389 

LK 

47.1 

41.8 

46.9 

35-7 

Average 

55-0 

49.7 

54‘3 

39.1 

L.S.D. (.05) 

a = 8.7 b = 

^6.8 c = 3.4 

a = 14.3 b = 

14.7 c = 74 


*Three replications at ZRW; four at other locations, a = L.S.D. (.05) for comparing values 
%vitliin a given fruit size column; b = L.S.D. (.05) for comparing values at any given treatment 
level; c = L.S.D. (.05) for comparing average values. 
fSee Table i for treatment descriptions. 

WEIGHTS OF KERNELS FROM TWO- AND ONE-CAVITY FRUIT 
After the fmits were classified and counted, the kernels from certain 
categories were weighed so that it was possible to determine average 
weights of kernels from the 2 -cavity size fruits which contained (a) 
two well-developed kernels and (b) one well-developed kernel ; as 
well as average kernel weights from the i -cavity size fruit. The effect 
of treatment on the weight of kernels from the three fruit categories 
from one location is shown by the data in Table 7. Calcium placed 
in the fruiting zone, the only treatment markedly to affect fruit 
filling and yield, resulted in a significant increase in kernel weights. 
Other treatments had no significant effects. 

Data from eight locations on the kernel weights in each of the 
three categories referred to above are presented in Table 8. Differences 
due to treatment are not presented and only the average values of all 
treatments are used. In all of the experiments except one (ENE), the 
average weights of kernels from 2 -cavity fruits wherein both ovules 
developed were smaller than corresponding fruits in which only one 
ovule developed. Although . the ■ dififerences are not extremely large, 
most of them are significant. 
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T\hi - f’'. efedy mt the pcreenia^e JUI of 2- and i -cavity sizejrniis 

of Ike IV hi! e Spanish mriety*- 


Treat'Lriit t 

't'ad O’canaii cavities 
iillcd 

Percentage nva.ruai (‘c. cities 
lilleci 

2-c:A'itv fruit : 

: 

i-cavitv fruit 

2-caYity fruit 

! -cavity fruit 

Location F WRY 

Location RPF 

Fk 

6 . 1-9 

. 5 ,VS 

■ 7,54 

74-3 

G 

65.8 

65.7 

81.6 

79.1 

GK 

67.6 

61.9 

80.8 

79-4 

LK 

55-7 

50.2 

67.3 

59-8 

Averae:e. 

63-3 

- 

57-9 

76.3 

73.2 

L.S.D. (.05) 



a = 10.2 b = 

8.7 c = 4,35 

a = 7.0 b = 

6.4 c = 3-5 

i .Location ZRW 

1 

Location RI.'.) 

(.".k 

64.8 

6!. ! 


65.2 

G 

72.2 

■ 69.5 

/'/o' 

69. I 

GK* 

67.9 

■65.1 

67.2 

63,8 

LK 

65.2 

62.8 

71.9 

65.2 

Average. 

67.5 

64.4 

■ 73.0 

65,8 

L.S.D. (.05) 

■ a 8.7 b ™ 

6.8 c = .3.4 

a = 14.3 b = 

14.7 c 74 


^^Threcs replicatioa« at ZRW; four at other Jo«itioniSii. a.».L.S.D. (.05) for comparins values 
within a given fruit ss2e column; h = L.S.D. (.os) for comparing values at any given irealmciifc 
level; c « L.S.D, (.os) for comparing average values. 
fSee Table i for treatment descriptions. 


Table 7, — The effect of rootmg mid fndUng media ireuimenis on ike average kernel 
weights in grams from 2- and i -kernel size fruit at one locaiiou (ifAI'F).'**' 


D D Treatmentf 

Weight of kernels .from treatment |3iaced in 

Rootmg 2-one 

■ Fruiting 2!:c.)!ie 

0-0 

, 0.71 1 

o.’667 

Ca-Ca 

0.709 

, 0.743 

K-K i 

■ 0,680 . 

0.683 

Elg-Mg 1 

0.675 

0.682 

L.S.D. (.05) = .077 




*Pour replications, 

fSee Table i for treatment descriptions. 


Althoiigli strict comparisons between the filling of 2- and i-ca'\ity 
fruits on the basis of ovule competition may not be valich this basis 
can be^usedjn accounting for the differences in developiiient of 
kernels in a given cavity size fruit, Thus^ in two-cavity fruits wherein 
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Table 8 . — The effect of fruit size 07i weights in grams of kernels at eight different 

locations. 


Location 

Kernel weights in fruit of 

L.S.D. (.05) 

2 -cavity size 

I-cavity size: 

I developed 

2 developed 

I developed 

(MLW) 

0.646 

0.708 

0.727 

0.061 

(RPF) 

0.548 

0-593 

0.587 

0.049 

(FWR) 

0.515 

0.542 

0.530 

0.026 

(ZRW) 

0.524 

0.573 

0.553 

0.067 

(RD) 

0.472 

0.50 

0.497 

0.060 

(WAT) 

0.650 

0.725 

0.702 

0.045 

(ENE) 

0.819 

0.784 

0.840 

.0. 1 68 

(MPW) 

0.585 

0.628 

0.608 

0.044 


^'Four varieties averaged_ at locations RPP, FWR, ZRW, and RD; at ENE Jumbo Runner 
variety; at other locations Virginia Bunch only. 


one ovule has aborted, it is probable that the supply of nutrients 
for development of the remaining ovule is greater than would be the 
case had both ovules developed nonnally. There would be no compe- 
tition for nutrients within a given 2 -cavity fruit when only one ovule 
developed and as a result larger kernels would be expected. 

SUMMARY AND CONCLUSIONS 

Hand-picked peanuts from field experiments in which calcium, 
potassium, and magnesium variables had been established were 
classified on the basis of fruit cavity size and kernel development. 
Such a classification made possible the determination of, (a) the pro- 
portion of 2 -cavity size fruit, (b) the percentage fill in the 2- and i- 
cavity fruits, and (c) average weights of kernels from 2- and i-cavity 
fruits. 

On soils low in calcium, the use of gypsum increased the proportion 
of 2-cavity size fruit of the Virginia Bunch and N, C. Runner varie- 
ties but not of the Spanish 2B and White Spanish varieties. Tt was 
suggested that calcium sulfate exerted this favorable effect by pre-, 
venting ovule abortion at a very early stage of fruit development 
before shell enlargement had begun. On soils of higher calciumlevel, 
where increases in yield and kernel development of the two former 
varieties had resulted from calcium additions, gypsum did not in- 
crease' the 'proportion of 2-cavity fruits. Thus, it appears that the 
level of calcium necessary to prevent . abortion in the later stages is 
relatively high in comparison to that to prevent abortion in the. early 
stages. 

For all varieties tried there was a. higher proportion of the 2 -cavity 
size fruits filled than of the i-cavity size. For Virginia Bunch and 
White Spanish tliis ratio was unaffected by calcium supply, i.e., both 
classes of fruit responded to calcium .in .about, the same degree. How- 
ever, for N. C. Runner and White Spanish, added calcium exerted a 
relatively greater effect on the fill of the fruit of 2 -cavity size. 
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use? of gypsum increased the average weight of peanut kernels. 
With all treatments combined, the average weights of kernels from 
2“(Yi\*ity fruits wherein both ovules developed were smaller than 
corresponding weights of kernels from fruits; in wliieli only one ovule 
dev(‘lo|)ed. This difference was explained on the basis of ovule 
eoriipeiition. The weights of kernels from i-ca\dty fruits were, in 
general, intermediate betw^een the two values referred to above. 
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THE RELEASE OF EXCHANGEABLE AMI} 
NONEXCHAMGEABLE POTASSIUM FROM 
DIFFERENT SOILS UPON CROPPING' 

Robert F. Chandler, Jr., Michael Peech, 

AND C. W. Chang^ 

T he exchangeable potassium content of most dairy farm soils 
ill New York State ranges from 25 to 250 pounds per acre in 
the surface layer. Thus the amount of potassium in exchangeable 
form found at any one time is usually less than that removed in 
one season by two cuttings of alfalfa. In order that such soils may 
be cropped successfully for years without potassium fertilization, 
part of the potassium required by the crop must be supplied by the 
nonexchangeable potassium either directly or after being coni^erted 
to the exchangeable form. This idea, of course, is not new. Fraps (5),^ 
Abel and Magistad (i), Hoagland and Martin (6), Bray and DeTurk 
(3), Bear, Prince, and Malcolm (2), as well as others, have shown 
that the amount of exchangeable potassium present at any one time 
is only sufficient to meet the crop requirement for one or two years. 
Experience in Ne^w York State has shown that alfalfa soils under 
similar management show marked differences in crop response to 
application of potassium. Some of these soils have been producing 
excellent yields of alfalfa for many years without the addition of 
potassium to the alfalfa crop, outside, of course, the application of 
manure or complete fertilizer to the corn crop in the rotation, whereas 
other soils fail to maintain satisfactory stands of alfalfa unless liberal 
amounts of potassium are applied. It follows, therefore, that the soils 
which do not require supplementary application of potassium for 
good growth of alfalfa must release every year a considerable amount 
of potassium from nonreplaceable - forms. The primary object of this 
study was to determine the significance of the exchangeable and the 
nonexchangeable potassium in relation to the potassium-supplying 
power of these soils as measured by the yield and chemical composi- 
tion of the crop. 

MATERIALS AND METHODS 

Ladino clover, a mammoth form of white clover, Trifolimn repens L., was 
grown in the greenhouse in No. i enameled tin cans, containing i pound of soil. 
The lime, phosphorus, and nitrogen needs of the plants were supplied by adding 
C.P. calcium carbonate to all acid soils to bring the pH value between 6.5 and 7.0, 
by applying 20% superphosphate at the rate of 1,000 pounds per acre, and by 
adding 50 pounds per acre of nitrogen as ammonium sulfate and subsequeiitly 
inoculating the plants. The method of watering the plants was the same as that 
described by Colwell (4). 

After the appearance of the first leaf, the seedlings were thinned to three plants 
per can. Sixteen replications for .each soil were started to permit the removal of 

Contribution from the Department of Agronomy, Cornell University Agri- 
cultural Experiment Station, Ithaca, N. Y. This paper was originally presented 
before the Fertilizer Diyision of the American . Chemical Society at the amiiial 
meeting in New York City, September,. 1944, and was subsequently released for 
publication in this Journal. Received for publication March 27, 1945. 
^Associate Professors and formerly Research Associate, respectively. 
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the soil from two cans at each harvesting date for the determination of the dry 
weight and composition of the. roots. The soil from these two cans was saved for 
the detemiiiiation of exchangeable .potassium,' The plants were harvested ex^-ery 
two or three months at the ^ early 'bloom ■ stage and the tops were .saved for the 
determination of the dry weight and the potassium content. It was thus, possible 
to calculate (a) the total amount of potassium removed by the tops and roots, 
(b) the decrease in exchangeable potassium, and (c) the amount of noiiexcliange” 
able potassium absorbed by the crop. 

Two separate experiments "were conducted. In experiment i, four soils were 
continuously cropped until plants could no longer be growm because of potassium 
deficiency, in experiment 2 the results of- '.four separate harvests are reported. 
The plants on the Bath and Honeoye gravelly silt loam soil were showing 
marked deficiency of potassium at the end of the experiment. 

The potassium content of the roots and tops was determined by the cobaltini- 
trite method (8). The exchangeable potassium content of the soil was determined 
by the ammonium acetate procedure (7) employing the volumetric cobaltini trite 
method. , 

EXPERIMENTAL RESULTS 

The data in Table i show the exchangeable potassium content of 
the I'l different soil types at the start and during the course of each 
experiment. To show the trends readily, the data for three contrasting 
soils are presented in Fig. i. 

The data from experiment I, in which all soils were cropped until 
the plants could no longer obtain sufficient potassium to maintain 
growth, show that all soils except the Honeoye silt loam started out 
with a - relatively low amount of exchangeable potassium which 
decreased slightly during the first two cropping periods, ^ and which, 
subsequently, remained rather constant. These three soils had been 
cropped intensively for many years before the samples were taken 
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and little if aii}^ potash fertiH2:ers had been added. The Honeoye silt 
loam also had been cropped intensively without potash fertilizatio:n 
prior to the time the, sample was taken. But- it will be noted that the 
exchangeable potassium content of this soil at the start was 183 
poimds per acre and remained at a relatively high level, 91 pounds, 
even after continuous cropping for 391 days. ■ 

This is, also true for some of the soils studied in ex,periment IL The 
Palmyra and Chenango series, showing high exchangeable potas- 
sium content at the start, maintained relatively high amounts 
even after four crops had. been grown. Further, cropping would be 
necessary to determine the level at which. the exchangeable potas- 
sium will become more or less constant under continuous croppi.ng. 
The Bath, and particularly the Ontario and Honeoye soils, having 
low exchangeable potassium at the start of experiment II, apparently 
reached this stage. It is interesting to note that when a large amount 
of exchangeable potassium was. present initially in the soil, the 
exchangeable potassium content decreased rather rapidly upon 
cropping. The Wooster soil sample was taken from a road cut and 
had not been cropped for many years. The high exchangeable potas- 
sium level shown by this soil cannot be maintained upon i,ntensive 
cropping. Nearly one-half of the initial exchangeable potassium of 
this soil was removed by the first crop and more than 80% by the 
four crops combined. The significance of these data will be considered 
later. 

The ' potassium content and the dry weights of the Ladino clover 
plants per can are presented in Table 2, and graphically for three soils 
in Fig. 2. - 

These data show that the potassium content of the tops was relate-d 
to the amount of exchangeable potassium in the soil. The amount of 
potassium in the plants of the consecutive crops decreased during 



.Fig. 2. — The potassium content of Ladino clover plants grown on three different 

. -soils. 
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the course of the experiment in all cases except where the initial 
potassium content of the plants was -so low that further reduction 
could not take place without the death of the plants. If the plants 
contained less than o.8% potassium, deficiency symptoms appeared 
on the leaves. 

Those soils that contained the larger amounts of exchangeable 
potassium generally produced the higher yields. The yields of dry 
matter varied at the different sampling dates because of fluctuations 
in the environmental conditions in the. greenhouse. To conserve 
space, data on the dry weights and composition of the roots of har- 
vested crops are not reported here; however, the yields and potassiuin 
content of the roots followed those of the tops, except that the yields 
and the potassium content of the roots were lower. The total amounts 
of potassium absorbed by the plants from the exchangeable and the 
noiiexchangeable forms during the course of the^ experiment are 
reported in Table 3. 


Table 3. — Changes in exchangeable-potassium content of the soil induced by croppim-g 
and the amount of nonexchangeable potassium released during the cropping 

period.^ 


Soil type 

Num- 
^ her of 

I days 
of 

crop- 

ping 

Exchange- 
able potas- 
sium in 
soil before 
cropping 

Exchange- 
able potas- 
sium in 
soil after 
cropping 

1 

Amount 
of potas- 
sium re- 
moved. by 
crop 

Amount 
of potas- 
siu,m re- 
leased 
from 11011- 
exchaiige- 
able forms 

Honeove silt loam i 

391 

Experiment 

183 

-A 

91 1 

450 ! 

358 

Dunkirk silty clay loam. . ; 

33c 

59 

50 I 

88 

79 

Mardin stony silt loam . . . 

330 

75 

42 1 

72 

39 

Gloucester -sandy loam. . . ' 

330 

50 

38 I 

28 1 

16 

Wooster silt loam. ...... 

271 

Experiment 

450 

II 

-75 ; 

439 

64 

Palmyra gravelly sandy 
loam 

271 ; 

417 

97 ; 

436 

96 

Chenango gi*avelly silt 
loam ................. 

271 

225 

120 

308 

203 

Palmyra gravelly silt 
loam 1 

271 

220 

83 ’ 

283 

146 

Bath stony silt loam,. .... 

271 

108 

5^ 

102 

45 

Ontario loam. ........... 

271 

69 

56 

. CSC 

137 

Honeoye gravelly silt 
.'loam. ........... . 

271 

67 

67 

. '41.. 

41. 


results expressed in pounds per acre, 2,000,000 pounds of soil. 


^';,;.It wiil'be noted that. the amount of potassium absorbed by. the 
.eloyer..plants 'was. always greater,. than the decrease in exchangeable 
potassium content . of . the soil. -This .means,, of course,; , that ..non-; 
exchangeable-, potassium . was available to. the plants . either, directly 
or after being converted „to the ' exchangeable form. In many in- 
stances the nonexchangeable potassium represented a large propor- 
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tion of the potassitim removed by the combined crops. The amotiiit 
of nonexchangeable potassium released ranged from 16 pounds to 
358 pounds per acre over the entire period of time. 

So far, reference has been made only to the total amount of non- 
exchangeable potassium released by the soil during the course of the 
experiment as determined by subtracting the decrease in exchange™ 
able potassium content of the soil from the total amount of potassium 
removed by the tops and the roots. The cumulative amounts of non™ . 
exchangeable potassium removed by the^ Ladino clover tops and 
roots of the consecutive crops are listed in Table 4. The question 
may be asked as to why the release of nonexchangeable potassium 
ceased in several soils in which the exchangeable potassium remained 
constant, yet a crop was produced. (Compare Tables x and 4.) The 
answer to this question became apparent upon studying the dry 
weights and the potassium content of the roots in the consecutive 
crops. The dry weights of the roots and their potassium content 
decreased upon continuous cropping, particularly in the last three 
crops. This disintegration of the root system resulted in the libera- 
tion of a certain amount of potassium to the tops. When the cumula- 
tive amount of potassium removed by the tops and roots remained 
constant, within limits of error, the top growth was produced only 
at the expense of the declining root system, as illustrated in Fig. 3 
showing the cumulative amounts of nonexchaiigeable potassium 
removed by tops and roots of the consecutive crops grown on Mardin 
silt loam. This same effect was noted in the Dunkirk, Gloucester, 
Bath, and Honeoye gravelly silt loam soils, and probably would have 
been apparent in all soils if they had been cropped longer. 


Table 4. — Cumulative amounts of nonexchangeable potassium removed by tops and 
roots of co7isecutive crops 


Soil type 

Crop I 

Crop 2 j 

Crop 3 

Crop 4 

Crop 5 

Crop 6 



Experiment I 




Honeoye silt loam 

67 

187 

280 

346 

366 

358 

Dunkirk silty clay loam 

15 

22 

81 

79 

79 

— 

Mardin silt loam 

9 

33 

40 

42 

39 

— 

Gloucester loam. . . . 

9 

II 1 

19 

21 

16 

— 


Experiment II 


Wooster silt loam 

6 

73 

55 

I 64 


' ^ 

Palmyra gravelly sandy loam. 

47 

50 

43 

96 

— 

• — . 

Chenango gravelly silt loam. . 

92 

123 

153 

203 



Palmyra gravelly silt loam . , . 

II 

97 

90 

146 


— 

Bath silt loam. 

-17 

25 

59 

45 

— 

— 

Ontario loam. . . 

Honeoye gravelly silt loam 

“3 

69 

130 

237 

— 


(Marcellus area). .... . . . . 



61 

■- , 41' 1 




^Results expressed in pounds per acre. 
fNot determined. 
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RELATIONSHIPS BETWEEN GREENHOUSE AND 
FIELD EXPERIMENTS 

The 1 1 soils selected- for this study represent soil types that are 
commonly encountered on dairy farms in New York. Field studies 
on the potassium needs of alfalfa have yielded considerable iiiforiiia- 
tioii regarding the potassium requirements of these soils. In light of 
this knowledge it is interesting to compare the capacity of a soil for 
supplying nonexchangeable potassium with its need for potash ferti- 
lization under field conditions. 

The first soil listed in each table, the Hoiieoye .silt loam, was 
sampled from an experimental field near Ghurchville, N. Y, , The 
plot from which this sample was taken has been, producing large crops 
of alfalfa and other forage crops' si.nce 1910 and has not received any 
additions of potassium. The adjacent plots have shown no crop 
response to applications of potassium. The fact that 358 pounds of 
potassium were liberated during a period of a little more than one 
year, when the original exchangeable potassium content was only 
183 pounds per acre, is consistent with the crop response data. as 
obtained under field conditions. 

The Dunkirk silty clay loam soil was taken from the untreated plot 
of fertilizer experiment at Caldwell Field near Ithaca, N. Y, This 



Fig. 3. — The total amount of potassium removed by the tops and roots of Ladino 
clover plants from Mardin silt loam soil. 
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soil has been cropped intensively for 30 years without potassium 
fertilization. The exchangeable potassium content of this soil was 
only 59 pounds per acre at the start of the experiment. Approxi- 
mately 90% of the potassium absorbed by the combined crops was 
obtained from nonexchangeable sources. Both alfalfa and corn 
respond well to applications of potassium to this soil. Yet the average 
yield of corn on this soil for a 30-year period, obtained in an alfalfa- 
corn rotation without the addition of fertilizer except lime, is 35 
bushels per acre. The exchangeable potassium content of this soil 
had decreased from 113 to 48 pounds per acre during the 30-year 
period. It is true that high crop yields cannot be obtained on this 
soil without the addition of potassium-carrying fertilizers, but the 
crop yields that have been maintained thus far emphasize the signifi- 
cance of the nonexchaiigeable potassium in the potassium-supplying 
power of this soil. 

The Mardin silt loam and Gloucester loam are soils that invariably 
require potassium fertilization to produce satisfactory yields of 
alfalfa. 

The Wooster silt loam and Palmyra gravelly sandy loam were 
secured from old road banks. Obviously, these soils have not been 
cropped for many years. This would account for the high exchange- 
able potassium content of these two soils. It is interesting to note 
how quickly the exchangeable potassium content was reduced upon 
cropping. It is unlikely that these two soils will continue to supply 
nonexchangeable potassium to the plants in sufficient amount to 
meet the normal crop requirement. After four crops the Wooster 
silt loam contained only 75 pounds per acre of exchangeable potas- 
sium; furthermore, many fields in this same area are known to 
respond well to applications of potassium. 

The Chenango gravelly silt loam sample was obtained from a 
field that had' been under cultivation for some time. Small amounts 
of potassium-containing fertilizer have been applied to this soil 
in the past. The fact that 203 pounds per acre of nonexchangeable 
potassium was utilized by the four crops, as shown in Table 3, would 
indicate that this soil may be cropped successfully wdthout the use 
of potassium fertilizers. Experience of the- farmers in the area from 
which this sample was taken would support this statement. 

Alfalfa growing on the Palmyra gravelly silt loam seldom shows 
any marked response to the application of potassium. It wdll be- 
iioted from Table 3 that 146 pounds per acre of - nonexchangeable 
potassium became available to the four combined crops of Ladino 
clover. , 

On the other hand,: alfalfa on the Bath stony silt loam usually 
responds to potassium fertilization. In agreement with this observa- 
tion, the' yields, the potassium content of the plants, as well as the 
amount of nonexchangeable potassium released by this soil to the 
crop are low. 

The sample of Ontario loam had been cropped intensively without 
recent additions of potassium.. Despite its low initial content of 
exchangeable potassium, this soil released 137 pounds of : nonex- 
changeable potassium to the four crops' of Ladino clover. It seems 
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significant that this is one of the most productive soils in tlie state 
and many fertilizer tests have indicated no response to potassium on 
this soil type except ill one instance. ■ 

As already noted, little if' any. response to potassium is shown by 
alfalfa on soils of the Honeoye series. - However, Honeoye gravelly 
silt loam, used in this study, comes from an area of approximately 
5 square miles near Marcellus, N. Y., in which pronounced symp- 
toms of potassium deficiency on alfalfa were observed in many fields. 
Interestingly enough, .no s^rniptoms of .potassium deficiency, ivere 
found ill alfalfa fields on Honeoye silt loam immediately suiTomidiiig 
this small area of Honeoye gravelly silt loam. It will be evident, from 
•the data listed in Table i, that the exchangeable potassium content 
of this sample of Honeoye gravelly silt loam was low at the start of 
the experiment and remained constant during the cropping period. 
The potassium content of Ladino clover on this soil was also low and 
symptoms of potassium deficiency were prevalent on the leaves. 
All of the potassium removed by the Ladino clover plants from this 
soil originated from the nonexchangeable forms. 

DISCUSSION 

The data presented in this paper on the relative significance of 
the exchangeable and the nonexchangeable potassium in determining 
the potassium-supplying power of soils substantiates the results 
reported by other investigators. Fraps (5) showed that the amount 
of potassium absorbed by crops grown in the greenhouse for 60 days 
was always greater than the decrease in the exchangeable potassium 
content of the soil. He reported releases of nonexchaiigeable potas- 
sium ranging from 44 to 688 pounds per acre in the 60-day period. 

Hoagland and Martin (6) in similar studies, which were conducted 
for 3 to 5 5^ears, found that those soils that normally did not require 
potassium fertilization were capable of supplying nonexchangeable 
potassium at -a higher rate than the potassium-deficient soils that 
responded well to applications of potassium fertilizers. They also 
showed that the addition of potassium to a soil did not affect the 
final level at which the exchangeable potassium became approxi- 
mately constant upon continuous cropping. 

Abel and Magistad (i), working with Hawaiian soils, found that 
.upon , continuous cropping for 20 months, large amounts of non- 
exchangeable potassium,, ranging from 132 to 238 pounds per acre, 

' w,ere removed by the crops. ■ 

c.. . ;;Bear, ei al (2) have very recently conducted studies on the potas- 
:. sium-supplying power of 20 New Jersey soils. They grew seven crops 
:'of alfalfa with and' without', potassium fertilization and calculated 
the amount of nonexchangeable potassium released during the entire 
period of cropping. Without the addition of potassium, the soils 
varied considerably in their capacity to supply nonexchangeable 
potassium. One soil released as much as 195 pounds of nonexchaiige- 
able potassium, whereas another soil actually fixed 130 pounds of 
exchangeable potassium per acre during the entire cropping period. 

From the data presented here, and those reported in the literature 
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it may ' be concluded that the amount of exchangeable potassium 
found in the soil at any one time, without some knowledge of the past 
fertilizer treatment and the cropping history, is not always a reliable 
measure of the capacity of the soil to supply potassium to the crop 
for any extended period, of time. Equally important is the rate at 
which the nonexchangeable potassium is converted into the ex- 
changeable form. The possibility that the nonexchangeable potas- 
sium can be utilized directly by the plants without entering the ex- 
change complex should not be precluded. However, inasmuch as the 
majority of the soils can be depleted of their available supply of 
potassium upon continuous cropping, as was done in the present 
experiments, would indicate that exchangeable potassium constitut- 
es the immediate source from which the rapidly growing crop obtains 
the greater part of its potassium. Indeed, high yields can only be 
produced when the exchangeable potassium of the soil' is maintained 
above a certain critical level. This critical level of exchangeable 
potassium is characteristic for a given soil, a given crop, and a given 
set of environmental conditions. 

In attempting to predict the need for potassium fertilization from 
the exchangeable potassium content of the soil it is necessary to 
know (a) the critical level at which maximum yields cannot be riiaiii- 
tained without the addition of potassium, and (b) the rate at which 
the exchangeable potassium is replenished by that from the iion- 
excliangeable forms. Obviously, the response to potassium fertiliza-, 
tion can be predicted with greater accuracy from the amount of 
exchangeable potassium when the exchangeable potassium content 
of the soil is either well below or well above the critical level. When 
the exchangeable potassium content is near the critical level, the 
potassium requirement of the soil cannot be evaluated properly 
without some knowledge of the rate at which the nonexehangeable 
potassium, is converted into the exchangeable form. For example, 
the amount of exchangeable potassium in Mardin silt loam and 
Ontario silt loam at the start of the experiment, as shown in Table 3, 
was approximately the same in both soils; but upon continuous 
cropping the Mardin soil released only 39 pounds of nonexehangeable 
potassium to the six crops of Ladino clover, whereas the Ontario 
soil released 137 pounds of nonexehangeable potassium as recovered 
by only four crops. Further work is necessary to determine to what 
extent the level of exchangeable potassium as found in the soil at' 
any one time is indicative of the rate at w^hich the nonexehangeable 
potassium is converted to the exchangeable form. 

: ..'Little is .known about the rate at. which the equilibrium between 
the exchangeable and the nonexehangeable potassium is established. 
The data .herein, reported would indicate that. this, varies consider- 
ably among different soils. In some of the studies of the variation in 
exchaiigeable.potassium content of New. York soils, as determined' at, 
different times of .the year, ,the'authors found that the exchangeable 
potassium: Go.ntent , of . many 'soils decreases .appreciably during the 
cropping , season. The change in , the: exchangeable potassium content 
of 28 soils. on which alfalfa was growing vigorous!}?- ranged from +18 
to: -82 pounds, with an average decrease of 18 pounds of potassium 
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per acre. It would appear that the determination of exchangeable 
potassium, in the early spring and in the fall should afford some 
ineasure of the rate at -which the exchangeable potassium is replen- 
ished during the winter as w'ell as during the cropping season, and 
should thus enhance greatly the value of the exchangeable potassium 
as an index to the potassium requirement of different soils. 

SUMMARY 

Ladiiio clover was grown in the.'- greenhouse in i i different soils 
for periods ranging from 271 to ;'39i'” days. From four to six crops 
were harvested from, each of the different soils studied and the 
amount of potassium removed by the tops and roots of each crop 
was determined. The exchangeable potassium content of the soil 
w^as determined at the start and at the time of each crop haiwest. 
The amount of nonexchangeable potassium released was calculated 
by subtracting the decrease in the exchangeable potassium content 
of the soil from the total amount of potassium removed by the crop. 

Upon continuous cropping the exchangeable potassium content 
of the different soils decreased very rapidly at first, then more gradu- 
ally until a certain level was reached, when the potassium-supplying 
power of the soil was determined largely by the rate at which the 
iionexchangeable potassium was converted into the exchangeable 
form. 

The dry weights and the potassium content of the plants of the 
successive crops were closely associated with the araou.nt of exchange- 
able potassium in the soil. 

The potassium content of the plants decreased upon continuous 
cropping. Symptoms of potassium deficiency appeared on the clover 
leaves when the potassium content of the -plants fell below 0.8% on 
the oven-dry basis. 

Of the II different soils studied, Honeoye silt loam, Chenango 
gravelly silt loam, and Ontario loam released large amounts of non- 
exchangeable potassium; whereas Mardin silt loam, Gloucester loam, 
and Honeoye gravelly silt loam released only small amounts of non- 
exchangeable potassium upon continuous cropping. 

These findings are related to crop responses to potassium under 
field conditions. The relative significance of the exchangeable and the 
nonexchangeable forms of potassium in determining the potassium- 
supplying power of soils is discussed in light of the results obtained 
•in this study. 
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EFFECT OF SODIUM NITRATE APPLIED AT DIFFERENT 
PERIODS OF THE GROWING SEASON ON THE YIELD, 
COMPOSITION, AND QUALITY OF WHEAT'*- 

Jehiel Davidson and Ruth Buchanan^ 

A SERIES of experiments beginning in 1916 (4, 5)'^ showed that 
nitrates, as well as ammonium salts, increased the yield of wheat 
when applied at an early period of the vegetative stage, increased 
the protein content, and prevented “yellow berr\^’' when applied at 
the time of heading, but had no effect either on yield or composition 
when applied at the “milk stage”. Similar results were obtained by 
Moertlbauer (10), Gericke (7), Neidig and Synder (ii), and, more 
recently, by Selke (12). 

In a later experiment (3) carried out at College Park, Md., it was 
shown that when the vegetative period (from resumption of growth 
in the spring until heading time) was divided into three arbitrary 
subperiods, the increase in yield, due to the application of nitrates, 
was directly related to the earliness of the respective subperiod, 
while the protein content of the grain was inversely related. 

Results are reported here for experiments in which the entire 
wheat -growing season was divided into 14 periods, extendi ng from 
the time of planting to the advanced “milk wStage,” 

EXPERI MENTAL PROCEDURE 

The experiments were carried out on the Arlington Experinieni.al Farm, 
Arlington, Va., in the crop year 1922-23. The size of the plots was i 40 acre. The 
seed used was “Purple Straw”, a soft red winter wheat variety. Eight ]>ounds of 
sodium nitrate (at the rate of 320 pounds per acre) were applied to each j>lot but 
on different dates. The first fall applioatioiis were made after tb.e crop w'as up. 
The control plots received no fertilizer treatment. The wheat lieaded out lidween 
May 25 and 29. The experiments were run in duplicate series. 

RESULTS 

The yields of the entire crops (grain and straw) and of the grain, 
as well as the ratio of grain to straw, expressed as the percentage of 
grain in the entire crop, are given in Table i. 

In series 1, while there is considerable variation in yield, the dif- 
ferences could not be attributed with certainty to the sodium nitrate 
applications, owing to the high yields obtained from the control plots. 
In series 2 the early applications of sodium nitrate resulted in an in- 
crease of the entire crop (grain and straw) and, if the second control 
plot be disregarded, also in an increase in the yield of grain. The diifer- 
ences in the yield in series i may have been due to differences in the 
soil, as many plots or sections on the Arlington Farm lacked uni- 
formity owing to artificial origin and to treatment received in 

^Coiitributioii from the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agrit'.u 1 t.ural Rcsearcl'} 
Administration, U. S, Dept, of Agriculture. Received for pulilication April 3, 1945. 

‘^Formerly Associate Chemist, Bureau of Plant Industry, Soils, a.ncl Agricultural 
Engineering and Bureau of Chemistry; and formerly Junior Cliemist, 'Bureau of 
Chemistry, respectively, 

^Numbers in parenthesis refer to “Literature Cited”, p. 725. 
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Table i . — - Yields and percentage of grain in entire crop * 



Series i 

Series 2 

Date of 







application 

Entire 

Grain, 

Percent- 

Entire 

Grain, 

Percent- 


crop, 

lbs. 

age of 

crop, 

lbs. 

age of 


lbs. 


grain 

lbs. 


grai:ii 

Oct. 17 

164.0 

49.0 

29.89 

203.0 

46,2 

22.75 

'Nov. 3 

178.0 

52.5 

29.41 

195.0 

52.5 

26.92 

Nov. 18. 

177.0 

52.5 

29.66 

184.5 

48.5 

26.28 

Dec. 21 

174.5 

51.0 

29.33 

180.0 

47-7 

26.50 

Mar. 28. 

173.0 

45.5 

26.30 

195.0 

55.0 

28.20 

Apr. 18 

122.5 

40.0 

32.65 

174.5 

55-0 

3L52 

Mav 2 

1:12.5 ■ 

35.0 

31.10 

165.0 

48.0 

29.09 

Mav '10 

1 15.0 

35.0 

30.43 

i 144.5 

42.5 : 

29.41 

May 17 

1 19.5 

36.5 

30.54 

152.0 

42.0 i 

27.63 

May 25. 

96.0 

30.5 

3^77 

i 158.5 

43.0 1 

27.12 

May 29 

99.0 

32.5 

32.83 

1 152.0 

! 43.5 1 

28.64 

Iiine 4 

116.5 

35.5 

30.47 

144.0 

41-5 i 

28,82 

June 12 

153.0 

42.0 

27.45 

130.0 

38.5 

29.61: 

June 16 

. 174.5 

46.0 

26.36 

130.0 

40.7 

3 i '.30 

Control ....... 

172.0 

45.0 

26.16 

139.0 

i 40.7 

29.28 

Control . 

171.5 

45.0 

26.24 

154.0 

46.0 

29.87 


•i'Grain and straw. 


vious diversified experiments. It was sometimes difficult to trace 
completel’y the history of certain sections. Further, some of the sec- 
tions did not' respond to mineral nitrogen treatment with respect 
to yield. The section alloted for these experiments evidently belonged 
partly to this class. 

The protein content, sulfur content, weight per bushel, and weight 
per thoiisaiid kernels are ~ given in Table 2. 

It has been assumed that nitrogen applied at the early stages of the 
growing crop is consumed in making vegetative growth and therefore 
does not greatly affect the protein content of the grain. Heacklen ( 8 ) 
applied sodium nitrate at the time of planting under conditions 
where there was no response in yield and obtained a marked increase 
in the protein content of the grain, presumably because the nitrogen 
not having been used in making vegetative growth w^as later used 
by the plants to make protein. In series i of the present experiments, 
however, like in those of Headden, there was little, if any, consistent 
yield response to nitrogen, ' but' the early applications did not result 
ill any increase in the protein' content of the' grain. This is the more 
significant in view -of the relatively large applications of sodium 
nitrate made. It brings out the fact that inorganic nitrogen applied 
to soils on which the crop does not respond to it in ^deld is, under 
certain conditions, 'largety lost. The different response, in protein 
to the early applications : of .nitrogen in series' - 1 of these experiments 
carried out at Arlington and in those of ' lieaddoii carried out in 
Colorado is probably due to a difference in the amount of nitrates 
lost by leaching and through other causes under the two sets of 
climatic, conditions. . 

.The p,rotein content, of grain in both' -series was increased consist- 
ently .as in the case of , the , College Park -experiments (s), with the 
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Table 2. — Protein and sulfur content of grain aitd weight per bushel and weigM per 

1,000 kernels. 


Date 
of ap- 
plica- 
tion, of 
so- 
dium 
nitrate 


Series i 



Series 2 


Protein 

(NX 57 ), 

( T / 

/O 

vSul- 

fur, 

/c 

Weight 

per 

bushel, 

lbs. 

Weight 
per 1,000 
kernels, 
grams 

Protein 

(NX5.7), 

% 

Sul- 

fur, 

% 

Weight 

per 

l:>ushel, 

lbs. 

Weight 
per 1,000 
kernels, 
grams 

Oct. 17 

10.26 

0.145 

60.5 

27.36 

11.91 

0.153 

5^-5 

25,44 

Nov. 3 

10.54 

0.143 

60.5 

27.04 

12.65 

0.160 

59.5 

26.28 

Nov, 18 

10.54 

0.146 

61.0 

27.44 

12.20 

0.165 

59.7 

24.64 

Dec. 21 

10.94 

0.157 

60.2 

26.24 

12.76 

0.154 

59.7 

25.60 

Mar. .28 

12.25 

0.172 

59-5 

25.64 

13.28 

0.163 

60.0 

24.56 

Apr. 18 

13.28 

0.176 

59.5 

26.56 

14.19 

0.185 

60.7 

26.52 

May 2 

13.96 

0.169 

60.0 

27.84 

15-33 ' 

0,176 

60.0 

26.84 

May 10 

12.48 

0.155 

60.7 1 

28.52 

15.62 1 

0.196 

61.0 

27.28 ■ 

May 17 

14.87 

0.167 

60.0 

27.08 

15-27 ; 

0,171 

60.5 

27.20 

May 25 

15.90 

0.183 

60.7 

27-36 

16.13 

0.183 

59-6 

26.40 

May 29,! 

16.13 

0.I8I 

60,1 

27.32 

16.47 

0.1:76 

60.5 

25.44 

June 4 1 

15.10 

0.166 

60.2 

27.36 

15.96 : 

0.178 

60.0 

26.68 

June 12. 

11.97 

0.154 

59-5 

26.12 

12.71 1 

0.155 

60,0 

27.52 

June 16’ 
Con- 

11.28 

0.156 

59.7 

26,00 

11.28 

0.158 

57.0 i 

27.56 

trol 

Con- 

10.31 

0.147 . 

60.0 

24.84 

1 1. 51 1 

0.145 

59.0 

27.24 

trol 

10.77 

1 0.159 

59.0 

2.5.24 

11.51 

0.142 

59-0 

27.60 


lateness of application, up to a certain point when it declined again 
approaching that of the controls. The highest protein content ob- 
tained for the latest applications before the decline is about 50% 
above the protein content of the controls. 

The sulfur content of the .grain was determined by the magnesium 
nitrate method (i). The results described, in a general way, the same 
(imaginary) curve as the protein results, the highest sulfur content 
coinciding, as a rule, with the highest protein content. This w^'ould 
tend to indicate that the nitrogen increment produced by the appli- 
cation of nitrogenous fertilizers at certain periods of growth is partly 
or lYholly in the form of true proteins in vie'w of the fact that, cystine, 
which is the principal sulfur-carrying amino acids, is an integral 
part of all wheat proteins. The increase in sulfur, however, is not 
proportional to the increase in protein. Wheat proteins vary in their 
cystine content and it is possible that the ratio of protein distribution 
in the high protein wheat obtained in these experiments favored the 
proteins of a low cystine content, as glutenin and globulin. It. is 
further possible that the' increase in nitrogen was not all in' the fomi 
:.;of..p.rotein .nitrogen. ^ 

The weights: per. bushel and per i ,000 kernels are given in the same 
table with the protein.. and sulfur oontents. The results show lack' of 
correlation between these fwo factors and the protein'' content of 
wheat. This is at variance with the view held by many that high 
protein in wheat is associated with a low weight per 1,000 kernels 
and a low weight per bushel. Similar lack of correlation between these 
factors was shown in an earlier paper by Davidson and LeClerc (5) 
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in which the question was discussed more fully. A like conclusion 
was reached by Bailey' and Hendel (2) -while- correlating the weight 
per 1,000 kernels and the protein content of middlings flour for a 
number of years. 

DISCUSSION 

The results of these experiments corroborate and extend the 
previous results obtained by the senior author (3, 4, 5, 6), as well as 
those of other investigators who have worked along the same lines:. 
They bring out the fact that late applications (up to a certain date) 
of inorganic nitrogen result in an increased nitrogen content of the 
wheat regardless of whether the soil responds to this treatment or- 
not with respect to yield. That at least part of this nitrogen increase 
is in the form of protein is indicated by the fact that the increase 
in nitrogen content is correlated with an increase in sulfur. 

Wheat naturally rich in protein 3delds a “strong’' flour which gives 
a bread of superior quality. Bread made from wheat in which the 
nitrogen content has been increased b^^' applying sodium nitrate at 
heading time also exhibited a larger volume and superior quality 
to bread made from the control wheat grown in the same field (6). 
This may also be taken as indirect evidence that the nitrogen incre- 
ment is partially or wholly in the form of true proteins. 

The principles disclosed in these experiments show that the use of 
fertilizer has to be studied from a number of angles. They ofl'er a 
plausible explanation of the effect of climate on the protein content 
of wheat as found by Le Clerc and Leavitt (9) and by Shaw and 
Walter (12). In the light of these experiments, climates which yield a 
high protein wheat probably favor a relatively high nitrate concen- 
tration in the soil at the time of heading. 

Moreover, the possibility remains that the application of these 
principles to some cultivated crops may prove expedient both from 
the standpoint of their present methods of cultivation and economic 
returns. 

SUMMARY 

Applications of sodium nitrate to wheat were made at a number 
of periods during the growing season under conditions under which 
no definite response with respect to yield was obtained. 

, The: results show that (a) the protein.. content increased gradually, 
the nearer the applications were made - to the time of heading and 
declined again on the plots on which the applications were' made 
.after this stage of growth, (b) - that the .sulfur content followed in a 
general way. the same course as the protein' content; and (c) that there 
was no correlation between the protein content and' the ■ weight per 
bushel and^ weight per 1,000 kernels. ' 
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■ EFFECT OF THE TEMPERATURE OF THE ROOT ■ 
EMVIRONMENT OM GROWTH OF SOYBEAN PLANTS^ 

E. B. Earley and J. L. Cartter^ 

R oot temperature as a factor in the growth of soybean plants has 
^ not been investigated as far as the writers are able to learn from 
a review of the literature. However, attention has been directed to this 
problem by several investigators for other species of plants. Bailey 
and Jones (i)® showed that' the average height and average total 
linear growth of blueberries increased with increasing root tem- 
peratures from 13^^ to 32"^ C, with the average total linear growth 
somewhat more closely correlated with the temperature treatments 
than the average height. No dry weight data of plants were given. 
Batjer, et al. (2) presented data which indicated that a root tempera- 
ture of 7° C was less favorable for the growth of young apple trees 
than the average greenhouse temperature of approximately 24^ C. 
The work of Kincaid and Gratz (3) indicates that the" temperature 
of the soil is an important factor in the growth of tobacco. Their 
results showed that the minimum soil temperature for top develop- 
ment was about 9® C, the maximum about 40° C, and the optimal 
range from, about 24^2° to 32° C. A few data presented by Stuckey (4) 
show that the dry weight production of colonial bent grass was 
favored by a soil temperature of 16^ C as compared to 10° or 27^ C. 
According to Wort (5) Marquis wheat gave a gradually decreasing 
dry weight yield of tops and roots with a rise in soil temperature from 
22° to 42° C. 

These studies show that the temperature of the root environment 
plays an important role in plant development and consequently 
unless root temperature is properly adjusted to the aerial eiiAdron- 
ment, it may limit or cancel the response of plants to other factors 
under investigation. Therefore, it was thought advisable to ascertain 
the influence of root temperature on the growth of soybean plants in 
order that this factor may be controlled in other experimental work. 

MATERIALS AND METHODS 

A view of the apparatus used in maintaining different temperatures around 
the roots of the soybean plants in this investigation is shown in Pig. i. Each of 
the seven box-like units is equipped with heating and cooling coils operated 
thermostatically. Electrical space heaters provide heat. A common refrigerating 
compressor supplies the cooling for the units, the refrigerant for each box 1.)eing 
controlled by a solenoid valve in the liquid line ahead of the expansion valve 
for that box. A double pole thermostat with an adjustable differential maintains 

yA publication by the U. S. Regional Soybean Laboratory, a cooperative 
organization participated in by the Bureau of Plant Industry, Soils and Agri- 
cultural Engineering, Agricultural Research Administration, and the agriculltiral 
experiment stations of Alabama, Arkansas, Florida, Georgia, Illinois', Indiana, 
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North Carolina, North Dakota, Ohio, Oklahoma, South Carolina, South Dakota' 
Tennessee, Texas, Virginia,, and Wisconsin. Received for publication April 3, 1945. 

^Assistant Agronomist and .Senior, Agronomist, respectively, XJ, vS\ Regional 
Soybean Laboratory, Urbana, 111. 

^Figures in parenthesis refer to “Literature Cited”, p. 735. 
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'IG, 1. — Apparatus for maintaining different temperatures around the roots of 

soybean plants. 

le desired temperature in each unit by supplying refrigerant or heat as needed, 
small electric fan operating continuously circulates air in the boxes to maintain 
7en temperature around the solution bottles and gravel culture jars. Some water 
maintained in the bottom of each box so that the air above remains nearly 
turated. For the fourth and fifth experimental runs, the tops of the culture jars 
ere covered and sealed and a connecting tube extended from the top of each jar 
the inside of the teinpeTature box. This arrangement is illustrated in Fig. 2. 
uring the siibsec|uent draining back after each automatic fioodmg of llie gravel, 
e culture jars were filled with saturated air at the controlled tempeiature. This 
)dification of the ecpiipmeiit made possible a more even eon t ml of root ieiupera- 
re. The soybean plants were grown in 2-gallO:n glazed earthenware jars filled 
within 3 inches of the top with gravel. A river gn-wel was used for the first 
a, and acid-washed crushed quartz about 3 to 6 mni in size was used in succeed- 
t experiments. 

Each pair of jars was flooded with nutrient solution four times daily, 8 a.m., 
a.m., 2 p.ra., and 5 p.m., from.,a X2-liter pyrex bottle by means of siibirrigation. 
stilled winter was used at all times. Loss of water through evaporation and 
nspiration was I'eplaced twice w'eekly. In experiments 1,2, and 3 the water 
led to the jars wms of room temperature (about 21® C); however, the w^ater 
3 added just before flooding the gravel with nutrient solution. This method 
need to a minimum the temperature change around the roots. In experiments 4 
i 5 the temperature of the water w’as adjusted to that of the nutrient solution 
Dre being added to the jars. 

Two or three seeds were planted per hill and thinned to one plant at emergence. 
)plementary light was used in experiments 3, 4, and 5, principally to prevent 
plants from blooming abnomiall}?" early, as they ordinarily do under the short 
s of fall and winter. No supplementary light w^as required for experiments i 
2 which were condticted during the. long days of summer. 

'he nutxient .solution used in this work was as follows: 

Elements ' P K Ca Mg S, ,C! 

Parts per million ,..;i40- 62 195 220 73 128 7:1 

Millimoles .....10 2 5 5.5 3 4 2 

Salts \ , Moles 

KH2PO4 . ... ,0.002 

........ , . .;,. y . . . . . , 0.G03 , 

Ca(N03)24H20 0.0035 

CaS04.2lT20 . .... ... . o.ooi 

CaCl2.2H2'0 O.OOI 

M gSO 4 . 7H 2O o. 003 





liiiiii 

l■itlil 

i’llil 


Fig. 2. — Soybean plants growing in gravel culture in a 2 -gallon jar sealed to pre- 
vent fluctuation of root temperature and loss of water through surface evapora- 
tion. This photograph of plants with root environment held at 2 ° C illustrates 
the deleterious effect of extremely low root temperature. 


EXPERIMENT I 

On May 6, 1938, four hills of Hudson Manchu soybeans were planted in each of 
eight jars containing Muscatine river gravel. The plants were grown for 27 days 
under uniform conditions. For the next 22 da3"S, from. June 2 to June 24, the 
temperatui'e of the root environment of the four units used, containing two jars 
each, was 7°, 17°, 27°, and 37° C, respectively. Temperature records of the green- 
house were taken for only the last week of this experiment. The mean tempera litre 
was 34° C during the day and 22° G during the night. The photoperiod was that 
of natural day length with no supplementary light.. The light intensity was high 
as would be expected for this time of the year. 

: ■ EXPERIMENT 2 

On July 22,,;'i939, five.hills of Dunfield seed were planted in each of four jars 
in six units of the root temperature apparatus. The plants were grown under 
uniform conditions from planting to July 31, and for the next 22 days, the tern- 
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penitiire of the root environment of the six units was maintained at 7^, 17®^ 22°, 
27°, 32®, and 37® C, respectively. Temperature records of the greenhouse were 
ta.ken from July 24 through August 14. The mean temperature ’iras 30® C during 
the day and 21° C during the night. No supplementary light was needed since the 
natural |,.)hoto].)e.riod was long and the light intensity high. 

EXPERIMENT 3 

On September 6, 1939, five hills of Dunfield seed were planted in each of four 
jars ill each of six units of the root temperature apparatus. The plants were grown 
under uniform conditions from planting to September 13. For the next 27 days, 
one of each of, the six root temperature units was maintained at 7®, 17°, 22®, 27®, 
32®, and 37“ C, respectively. No, temperature records w^ere taken of the greenhouse 
during this experiment; howwer, the'- day temperature was about 27® C and the 
night temperature about 21® C. A photoperiod of 18' hours was maintained during 
this experiment. During 9 hours of the photoperiod, supplementary light was 
furnished for each unit by a 75o--w^att Mazda bulb. The light intensity was some- 
what lower than for experiments i and 2 but still of moderate intensity. 

EXPERIMENT 4 

On November 21, 1939, six hills of Hudson Manchu seed were planted in each 
of four jars in six units of the apparatus. They were germinated and grown under 
unifonn conditions until December i when the temperatures of the units were 
adjusted to 2®, 7°, 12®, 17®, 22®, and 27® C, respectively. These root temperatures 
were maintained until January 8, a period of 39 days. 

For this and the next experimental run, the loss of water b}’ evaporation from 
the surface of the gravel was prevented by allowing the plants to grow through 
holes in a circular board placing a tuft of cotton around each stem and sealing 
the entire top of the jar with a paraffin- vaseline mixture as illustrated in Fig. 2. 
From the center hole of the circular board a rubber tube was conducted into the 
box of the temperature unit through which exchange of air took place during the 
flooding process. This technic helped to maintain a more uniform temperature 
around the root system. vSome water was kept in the bottom of each unit to main- 
tain saturation of the air and minimize the loss of water from the jars through the 
air exchange tube. 

For this run, the mean temperature ^ of the greenhouse was 24® C during the 
day and 21® C during the night. No supplementary light was used directly over 
these plants during this period but some light was. received from an adjacent 
bench. The photoperiod to which these plants were subjected was about 13X 
hours. The light intensity w'^as rather low as might be expected at this time of the 
year, but due to the supplementary light from the adjacent bench was higher on 
the north half of each unit than on the south half. 

EXPERIMENT 5 

On March 22, 1940, six hills of Hudson Manchu soybeans were planted in 
each of four jars in seven root temperature boxes, a special high temperature unit 
having been added for this run. The plants grew at uniform conditions until 
April 4. At that time the jars were sealed as shown in Fig. 2, and the root tem- 
perature treatments of 7®, 12°, 17®, 22®, 27®, 32®, and 37° C were started and 
maintained until the plants were harvested on May i, 27 days later. 

The method of sealing the jars, adding water, and using air of proper tem- 
perature for subirrigation was similar to that used in experiment 4. The mean 
temperature of the greenhouse at the time of the experiment was 27® C during 
the day and 23® C during the night. The plants received uniform supplementary 
light from looo-watt bipost Mazda lamps. The photoperiod averaged about 15 
hours of which about 7 were supplementary light. The light intensity was rather 
high during this experiment. 

EXPERIMENTAL RESULTS AND DISGUSSION 

The dry weight production of tops by Dunfield and Hudson 
Manchu soybean plants as given in Table i is shown to be markedly 
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affected by the temperature of the environment of the root system. 
Table I also gives an analysis of variance of the yield of top growth 
from experiments 2,3, and 5 and shows that the variations in yield of 
dry plant tissue due to temperature treatment were highly significant . 
These differences in growth are graphically shown in Pig. 3, upper 
left, for all five experiments. Fig. 4 shows the appearance of the plants 
in the first experiment 22 days after the root temperature treatments 
were started. 

Table i . — Influence of root temperature on dry weight production of soybean tops for 

five experiments with analysis of variance on data from experiments 2^ 3, and S’ 


Root 

tein pcra ture , 

Mean yield per plant (grams) for experiment 

°c 

I 

2 

3 

4 

5 

2 



— 

0.19 

— 

7 

3.16 

0.75 

0.71 

0.56 

0.69 

12 

— 

; 

— 

0.85 

1 .96 

17. 

4-58 

L 59 

1-58 

0.89 

3.02 

22 

— 

1.99 

1 .60 

1.09 

3-34 

27 

8.62 

2.40 

1*75 

1.05 

3.58 

32 

— 

1.50 

1.32 

— 

3.95 

37 

5.56 

1.27 

0.88 

— 

1.63 


Analysis of Variance 


Variation due to: 

Degrees of freedom 

Mean square .F 

** Runs 

2 

3*2733 

Treatments 

5 

1*5492 5.7^*'* 

Error (runs X treatments) 

i 10 

0.2716 


significant “F" value. 


The magnitude of the difference in yield of dry material among 
the root temperature treatments for the five experiments was found 
to depend to a large degree upon a relationship between light intensity 
of the photoperiod and the temperature of the root system. For 
example, consider experiments 4 and s where all factors were fairly 
uniform except the light intensity. In experiment 4 where the light 
intensity was relatively low throughout the experiment, yield of 
tops increased very slightly with increasing root temperature from 7° 
to 27° _C, light intensity being the limiting factor. In experiment 5, 
with high light intensity, dry weight of tops increased rapidly from 
7° to 17° C, continued to show steady gains to 32° C, and declined 
rapidly at 37° C. These latter results are very similar to those reported 
by Kincaid and Gratz (3) for tobacco. 

It was further learned from these root temperature experiments 
thari within the limits studied, irrespective of the light intensity 
or the time of year during which the experiments were conducted, 
root temperatures as low as 12° C and as high as 37° C restricted 
the production of dry weight material. In four of the five experiments, 
if C root temperature was too cold for maximum plant develop- 
ment. In experiments 1,2, and 5, which received high light intensity. 
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Fig. 3 . — Influence of root temperature on the growth of soybean plants. 


a root temperature of 22"^ C somewhat limited growth whereas in 
experiments , 3 and 4 (medium to low light, intensity), this root 
temperature favored maximum production of dry material. 

An interesting relationship of light intensity and root temperature 
to soybean growth was observed in experiment 4. In this case, 5 hours 
of reflected supplementary light from, an adjacent experiment fell 
upon the' north tier of plants more strongly than upon the south tier 
of plants.' As measured by a Weston photometer the plants in. the 
north tier received a supplementary light intensity of 120-foot candles 
while those in the south tier received an intensity of onty 50-foot 
candles. The intensity of natural light during the remainder of the 
photoperiod, hours, was considerably lower than it was in the 
other four experiments, being about 350-foot candles on clear days. 
It was of somewhat higher intensity than the supplementary light, 
however, and was uniform over both tiers of plants. 

The yield data from this experiment, shown graphically in Fig. 3, 
upper right, indicate that with a low light intensity, as occurs during 
the winter months, plant growth responded to increasing root tem- 
peratures from 2° to 22° C but gave no additional response when the 
root temperature was raised to'27^ C. However, the interesting point 
here is the manner in which the soybean plants growing at dSferent 
supplementary light intensities reacted to the various root tempera- 
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Fig. 4. Hudson Mancliu soybean plants grown in root temperature control 
apparatus, these temperatures were, from left tonight, 7°, 17°, 27°, and 37° C. 

tures. When grown at root temperatures from 12° to 22° C the 
plants poduced more top growth under the higher supplementary 
light intensity whereas below 12° C, namely, f and 2° C, the plants 
produced slightly greater growth under the lower supplementary 
light intensity The appearance of the plants in the jars gave some- 
what clearer views of this difference than the dry weight data indi- 
cate. From these results, one might expect an additional increase in 
dry weight production and plant growth at 2° and f C and less 
damage from the lack of water absorption if the intensity of the photo- 
penod was further reduced. Such would not be true at any of the 
higher root temperatures since at 12° C or above, 120-foot candles of 
supplernentary light increased dry weight production over the lower 
light intensity of so-foot candles. With their root systems at 7“ C or 
below the plants suffered from inability to absorb sufficient water 

requirements, as evidenced by 
Wilting on clear days (Fig. 2). The study of mineral and W'ater intake 
in expenments 4 and 5 will be presented in a separate paper. 

ROOT TEMPERATURE AND ROOT GROWTH 

environment influenced dry weight 
produrtion of roots to a somewhat lesser degree than was true of the 
tops. This IS indica,ted in Table 2 by the 

hver Vs ^Swn hiV^bf 7 necessary for signilicance.^Hoi- 

cW/o • ^ 2, root growth in a general way tended to 

show an increase with increasing root temperature from 2“ to about 
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Table 2 . — hiflmnce of root temperature on dry •weight production of soybean roots for 
fwe experiments with analysis of variance on data from experiments 2, j, and 5. 


Root 

teinperature, 

Mean weight per plant (grams) for experinieiit 

' ' I ■ 

2 

3 ' 1 

.! 

1 ! 

4 

5 . 

2 

! 

... — 


0.02 



.7 

1 0.62 

0. 1 1 

0.07 

0.03 . ; 

0.06 

12 

1 

— 



0.06 I 

0.29 

17 , 

I 0.99 

0.24 ! 

. o.i6 

0.06 , : 

0.36 

22 

i 

0.29 

0.14 1 

0.09 : 

0.31 

'■ 27 

1 U35 

0.36 

o.i8 ! 

O.IO 

0.27 

32 

1 i 

0.26 

0.12 

— 

0.41 

, 37 

1 1. 16 

0.31 

0.15 

— 

0.19 


Analysis of A^ariance 


Variation due to: 

Degrees of freedom 

Mean square 

F 

Runs 

2 

0.0326 1 

0.0155 


Treatments 

s 

1 3-37 

Error (runs X treatments) 

TO 

0.0046 1 


, It was also observed in these studies that the intensity of the light 
was the controlling factor in determining the magnitude of response 
of root development to each increment of root temperature. 


ROOT TEMPERATURE AND TOP : ROOT RATIOS 

The influence of root temperature on the ratio of tops and roots 
may be observed for each of the five experiments in Fig. 3, lower left. 
These data show a surprisingly close relationship between production 
of tops and roots over a wide range of root temperature during the 
first 30 to 45 days of plant growth. The top: root ratios fluctuated 
from about 5 in experiment i to about 13 in experiment 4, The ratios 
seem to be detemiined predominantly by the light intensity since 
the biggest difference in the aerial environment between experiment i 
with a top : root ratio about 5 and experiment 4 with a ratio about 13 
was the intensity of the photoperiod. As a matter of fact, the uniform 
increase in top : root ratios from experiment i to experiment 4 is in 
inverse relationship to the intensity of the photoperiod, iln examina- 
tion of the dry w^eight data shows that this increasing top : root ratio 
with decreasing light intensity is caused by a larger proportional 
.reduction in root growth than in top growth. The analysis of variance 
.of the data shows a nonsignificant difference among top: root ratios 
duedo temperature treatments. ': . 

ROOT TEMPERATURE AND PLANT HEIGHT 

The height data from experiments 2,4, and 5 are given graphically 
in Pig. 3, lo\¥er right. In general, the height of the plants increased 
with root temperatures from 2"^ to about 17® C, remained fairly uni- 
form from 17^^ to about 27° C, and decreased at 37® C. It appears 
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that the temperature of the root environment should be from , about 
2 2^ to about 2 7° G in order to insure the maximum height of soybean 
plants. 

SUMMARY 

The data obtained from this investigation indicate that irrespective 
of the light intensity or the time of year during which the experiments 
were conducted, root temperatures as low as 12° C and as high as 
37® C restricted production of dry weight of Dunfield and Mancliu 
soybean plants. In four of the five experiments, root temperature as 
low as 17° C prevented maximum plant development. Root tem- 
peratures from about 22® to about 27° C appear to be most favorable 
for maximum dry weight production of top and roots when soybean 
plants are grown under a wide variety of aerial environmental con- 
ditions in the greenhouse. 

A rather close relationship was found between the top: root ratios 
throughout the temperature treatments, when the experiments are 
considered individually. However, when the experiments are con- 
sidered collectively, it was found that the magnitude of the ratios 
apparent^ was determined largely by the light intensity of the photo- 
period, The low top: root ratios were obtained under high light 
intensity conditions and the high ratios were obtained under low light 
intensity conditions. 

In general, the height of the soybean plants increased with increas- 
ing root temperature from 2® to about 17° C, remained uniform from, 
about 17° to about 27° C, and decreased rapidly at 37° C. 
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NUMBERING AND NOTE-TAXING SYSTEMS FOE USE IN THE 
■ IMPROVEMENT OF FORAGE CROPS'' ' 

L. C. Newell and H. M. Tysdal- 

T he widespread development ' in the breeding of cross-pollinated 
perennial forage crops has resulted ' in considerable attention 
being placed upon breeding methods. Associated problems are those 
of applying ‘a. satisfactory numbering system in the improvement 
of such plant materials and of evaluating the resulting selections, 
strains, and varieties. Where an investigator' is carrjdng on improve- 
ment with one or more kinds of plants, it' is desirable that a single 
logical syst'em of numbering be used. Such a system may facilitate 
the selection and use of suitable breeding procedures. A basic plan 
for numbering selections of plant and seed material which also in- 
cludes recognition of breeding methods in their identification has 
been applied to the breeding of grasses and legumes at the Nebraska 
Agricultural Experiment Station. A numerical system of taking notes 
has also been adopted. 

The numbering and note-taking systems which were developed 
over a period of years have been successfully used by the authors 
and in part by workers at other stations. Because of the "broad appli- 
cation of these plans and their pro'ved usefulness, it has been thought 
desirable to present them in their entirety. Although something of 
the philosophies of crop improvement in general are herewith im- 
plied in the numbering system, it is not intended that these be the 
pxirpose of this paper. The presentation of the plan is given rather 
as an example of how such . a numbering system might be used in 
plant improvement. The plan is considered flexible enough to be 
adapted to the breeding of any crop. 

THE NUMBERING SYSTEM 

' .The work of keeping track of the changing genetic composition of 
plant, material with the employment of different breeding procedures 
is difficult. The problems of breeding normally cross-pollinated plants 
are more complex than those for plants which are normally . self- 
pollinated. With cross-pollination only the maternal side of the inheri- 
tance can be followed unless controls of pollination are established. 
These controls can be diverse and unless some system is used for 
their eas\^ recognition in the records of the plant breeder, he is soon 
lost in a maze of notes concerning his selections. 

^Contribution from the Division of Forage Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. S. Dept, of Agriculture, and the Department of Agronomy, 
Nebraska. Agricultural Experiment Station, Lincoln, Nebr., cooperating. Puf?- 
lished with the approval of the Director of the Nebraska Agricultural .Experi- 
ment Station as Journal vSeries Paper No. 371. Received for publication April 9, 

1945* 

^Associate Agronomist and Senior Agronomist, respectively, Division of Forage 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, Agricultural Research xYdministration. The authors are indebted to M'r. Bliss 
H. Crandall, Associate Agronomist, Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, for helpful com- 
ments and suggestions made in the preparation of the manuscript. 
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A selection of a perennial cross-fertile plant may one year produce 
self-pollinated seed and in the same- or following year produce cross- 
pollinated seed. During the same or' succeeding years the mother 
plant selection or its clones may continue to produce seed under a 
variety of conditions favoring self- or cross-pollination. In any one 
year the resulting seed lots from the mother plant, its clones, or from 
the advanced generation plantings of the selections may differ in 
genetic composition. The genetic composition varies in proportion 
to the degree of cross-fertility of the selection and with respect to the 
mode of pollination involved which determines the extent of cross-, 
pollination that may occur. 

The pedigree s^^stem of numbering is a commonly used system 
for tracing generations of plant material. In this system the line of 
descent from a particular selection is traced through several genera- 
tions by a series of plant numbers separated by letters, parentheses, 
or dashes, etc. (3).^ In the widely known Minnesota system, the 
differentiation between selections, crosses, and new introductions is 
also included in the identification (4). The pedigree system lends 
itself best to selfed-liiie breeding and hybridization methods but is 
inadequate in its description of naturally cross-pollinated plant 
materials. Because of the lengthy numbers which are soon involved 
with the pedigree system, many workers prefer to renumber their 
selections each year, tracing the line of descent through the records 
of previous numbers. Other workers use the row and plant number 
of field locations for identification. New numbers are given each 
year with source records to show the previous numbering. With 
vegetative propagation of plants identical material might be planted 
in different rows in the same and in different years, thus making the 
identification of a selection by row and plant numbering rather con- 
fusing. These systems are difficult if applied to perennials because 
of such duplications encountered and the difficulties of associating 
new numbers with plant materials every year. 

The numerical identification of a selection should be short; it 
should be one easily distinguished and remembered; it should express 
as much as possible about the selection without the necessity of 
writing long explanations on tags or on stake labels to explain the 
ramifications of breeding methods previously employed. 

In the system proposed for biennial and perennial cross-pollinated 
species, at least three ideas are incorporated into the identification 
number.. These are the year of plant selection or seed harvest, the 
treatment involved in the procedure or the eonditions under which, 
seed was produced, and the serial identification of the selection.. The 
system involves the use of an annual inventory of plant and seed 
selections, definite objectives -in relation to breeding methods, and 
recorded descriptions, of plant or. seed materials with their. pre.vious 
history identified by serial numbers in accession books. Planting plan 
records carry columns for source of plant material in order to associate 
...newly applied numbers to older numbers as is done in other .systems. 
Records are kept in duplicate. for office, and field use to avoid the 
danger o f loss of . information. 

^Figures in parenthesis refer to ‘‘Literature Cited”, p.' 748. 
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The application of the system' to an actual breeding project is not 
difficult. Selections are serially numbered over a period of years 
with descriptions, of the' plant or seed-' material appearing in the 
accession books. The year of selection and the breeding method 
treatiiient , involved in the production of seed are designated by 
numbers prefixed to the serial number. The year of selection appears 
first. For brevity, it is the last figure in the applicable calendar year. 
For example, a single plant selected in 1943 might be numbered 3-20 
and its description recorded in the accession hook under the newly 
selected serial number 20. A treatment index number is inserted as a 
.second figure in the identification to designate the pollination condi- 
tions or the breeding method involved in the production of the seed. 
For example, referring to Table i for interpretation of treatment 
index numbers, the identification number 31-20 (index No. i) may 
be applied to selfed seed produced in 1943 from the selected plant. 
The number 39-20 would be used to designate open-pollinated seed 
produced the same year from the same plant (index No. 9). The 
record of these seed selections in the seed i.nventory of that year 
would automatically refer to the description of the mother plant in 
the accession books. The selfed and open-pollinated progenies grown 
from this single plant selection would be tested in 1944 under these 
numbers. In addition, the mother plant clonally propagated under 
its. .assigned., serial number could be tested or used in more complex 
breeding procedures. Since no treatment index referring to the seed 
which produced this plant can be used with this new serial number, 
the clones would be given the designation 30-20 (index No. o). 
This index number indicates no advance in generation as implied by 
other index numbers referring to seed, and it wmuld be dropped out of 
any designation later to be applied to seed harvested from, these 
clones. 

Combinations of treatment index numbers may be used to identify 
two or more generations of a given selection before reselectioh and 
renumbering take place. A newly added treatment index number 
always follows the latest year designation, the former 3^ear designa- 
tions being dropped from the identification. For example, in 1944, 
seed produced by the open-pollination of the open-pollinated progenjg 
39-20, would be numbered 499-20 if in tests with other progenies 
with which it might cross (index No, 9) ; or it would be numbered 439" 
20 if isolated and an advanced generation of' seed is obtained without 
reselection (index No. 3). Similarly, seed produced by the open- 
pollination of the selfed progeny, 31-20, would be 491-20 or 431-20, 
as the case might be. If it is desirable to continue inbreeding with a 
selection of plants, the index numbers i or 2 would be used. Seed 
produced by selling or sibbing in this generation could be indicated 
by pedigrees of individual plants. Selfed seed from the plant 3 
.would be. harvested in 1944 as. 411-20-1, ate,' (or the plant could be 
given a new number, such as 30, and its selfed seed numbered 41-30, 
etc.) The pedigree numbering of selections in advanced generations 
proceeds to the right of the serial number in the identification; the 
treatment index numbering proceeds to the left of the serial number 
so that the last treatment follows directly the designation of the year 
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in which that treatment occurs. Selfed seed from selected plants from 
the progeny yi-io inay^ be composited as 411-20 if desired; seed 
produced by sib-pollination could be composited as 421-20. 

It is usually desirable to renumber whenever radical change occurs 
in the objectives of reselection or in the genetic make-up of plant 
material, or whenever the numbering becomes too complicated. In 
this way the smaller serial numbers soon become obsolete and in the 
course of a few years might be used over again at the discretion of the 
worker. However, it has been found quite easy to run the serial num- 
bers of selections into four digits. If four figures are not objectionable, 
the serial numbers up to 9999 allow considerable leew^ay before they 
need be used again. 

On renumbering, the source of the material and the previous 
breeding history of the selection are recorded with the new serial 
number. Only the last significant breeding procedure is indicated by 
a treatment index number with the new serial number. 

The treatment index is considered the outstanding feature of the 
system. By using treatment index numbers, duplication in numbers 
can be avoided and the assignment of new numbers greatly reduced. 
The system has distinct advantages in keeping track of the changing 
genetic composition of cross-pollinated perennials where several 
different breeding technics are being used simultaneously. Plant 
materials with the same origin may carry the same serial number 
with different treatment index numbers. Comparisons of" different 
breeding methods are readily made on that part of the material with- 
out the aid of source books. This reduction in new numbers to be 
associated with plant materials is a definite advantage in facilitating 
the breeding work. 

Table i gives a description of the treatment index numbers which 
might be used in a forage inprovement program. A brief explanation 
of their application to breeding program as diverse as may be 
encountered in this field of plant improvement appears to be in order. 
The forage crop breeder is usually concerned with several species, 
each of which may require entirely different methods of approach 
to improvement, In many cases in the beginning so little is known 
about the breeding behavior of the grass or legume that several 
methods be profitably explored. This is particularlv true of 
newly introduced species and of many of the native grasses with 
which very little in teiiswe breeding work has been done. 

The philosophies of improvement for such a group are as diverse 
as their breeding behavior. In^such an unexplored field it may be 
assumed that the first steps in improvement of a new crop will come 
about from relatively simple selection and mass selection methods . 

A comprehensive plan was desired- which would take into considera- 
tion t^he relative potential values of seed introductions or collections, 
as well as selections which might be made' later in nurseries. With the 
proposed system one set of .records of serial numbers. may be, used for 
several species, thus eliminating both duplication of books as well as 
numbers. 

The plan devised for treatment index numbers, as given in Table i, ' 
IS an attempt to list in some order the several conditions surrounding 
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Table i.—^Descripiimi of treatment index numbers for use in the ^identification of 
selections of cross-polUnated plants to designate the poUination candiUons 
affecting the genetic composition of seed or the hreedmg procedure inmlved 
hi improvement. 


Treat- 

ment 

index 

Breeding 

procedure 

Description of breeding procedure 

I 

vSelf -fertilization 

Seed from a single plant or from, selected related 
plants self -fertilized by isolation of the individual, 
by bagging, or caging, or by other means. 

2 

Close breeding 
with selection, 
sibbing 

' Seed produced on a selected plant or plants allowed 
to cross-poilinate with, related plants in isolation 
or by cross-bagging or caging. 

3 

Advance in gener- 
ation 

Seed from related plants growm together in isolation 

1 without further selection, thus producing an ad- 
! vanced generation without eliminating any old or 
introducing any new germ plasm; the seed increase 
of a strain, variety, or h\i3rid in isolation. 

4 

Controlled liybrid- 
izatioii 

Artificial manipula.tion to secure controlled hybrids 
between dissimilar plants of the same species or 
between plants of different species. This procedure 
usually involves emascultitioii to insure Fi 
hybrids. 

5 

Natural crossing 

Seed produced on a plant allowed to cross-polliiiate 
with an unrelated plant in isolation or by cross- 
bagging; the seed from one clone, line, or single 
cross grown in a natural crossing block containing 
two or more such clones, lines, or single crosses 
planted together for the purpose of producing 
crossed seed. 

6 

Natural crossing, 
reciprocals com- 
posited 

Seed composited from selected clones, lines, or cros- 
ses grown together for crossing in isolation; the 
seed composite of reciprocal crosses or from 
natural crossing blocks. 

■7,,.;; 

Polycross 

Seed from a selected .clone or i,iibted .line grown in 
isolation with a large nu3,iiber of selected clones or 
strains for the purpose of evaluating general com- 
■ . bining ability of the selection' and securing .new 
combinations of plant characters. , 

.;:,8 

Topcross 

Seed from a selected clone, line, or strain gro'wn in 
isolation with one top-cross parent furnishing the 
bulk of the pollen for produtfing crossed seed. The 
top-crossed seed is ttsed primarily for the purpose 
of evaluating the general combining ability of .the 
selection. 


Open pollination 
or",',.niass selec- 
tion 

Seed from '.a ..single open-pollinated, plant or from 
selected plants ^which may be growing with un- 
, ...selected 'or-. 'dissimilar -^plants of the same species; 
7; mass'- selection'.'' for ecotype in native stands;, mass 
selection for type in fields, or within a progeny or 
strain. 
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Table 1.— Concluded. 


Treat- 

ment 

index 

Breeding 

procedure 

Description of breeding procedure 


Introduction of 
new material, 
miscellaneous 

Seed or plants of unknown potentialities newly in- 
troduced into a breeding or testing program; the 
omission of a designation referring to the pollina- 
tion conditions affecting the genetic composition 
of seed, hence, also, the propagation of plants 
other than by seed. 

A, ; 

B, C, S, P, etc. 

Special breeding methods or studies. 


the making of seed selections, proceeding from the most definite 
to the least definite information regarding genetic composition. A set 
of 10 numbers and a few supplemental letters are sufficient to record 
these conditions using the index number i in the table for self- 
fertilization, and at the other extreme, the index number o for a seed 
collection about which little information is available, x^lthough this 
arrangement of breeding procedures represents an attempt at logical 
order from the standpoint of the genetic composition of plant ma- 
terial, it appears desirable to discuss the breeding procedures as 
they might be encountered in the development of an improvement 
program with new material. 

According to this plan, the introduction of new collections of seed 
or plant materials into a breeding and testing program would be 
designated by the treatment index number o (Table i). Because 
of the implications assigned to this index number, it would never be 
applied to seed in a designation with other treatment index numbers. 
If considerable information was available about the seed lot or if it 
represented a type or strain of the species from a given locality, 
the mass selection designation number 9 might be applied. In pre- 
liminary testing of grasses representing ecotype selections or strains 
from farmers' fields, striking differences have been found which are 
sufficient to warrant the increase and use of these naturally occurring 
strains (i, 8, 9, 12). Such mass selection methods have contributed 
greatly to our agricultural history and should be given considerable 
emphasis in a program of breeding for a new crop. Then, too, the 
testing of these plant materials from such broad sources is also of 
prime importance in evaluating seed accessions from which superior 
breeding material is to come (10). It is frequently desirable to. isolate 
space-plantings of individual plants from such seed lots for continued 
mass selection by rogueing out undesirable plants, or for the purpose 
of making individual plant selections to be more carefully tested for 
combining into new varieties or strains (6, i i). 

In the selection of individual plants the broadest range of gene 
population is to. be found in the seed from a self-sterile, cross-fertile ^ 
plant. , subjected^ to , open-pollination ■ among a diversity of . pollen 
sources. The index , number 9 as applied to a single plant accordingly 
identifies only the .maternal side .of the inheritance, of the resulting 
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progeny whether or not the mother plant is liomozygons for the 
•selected character.' From the standpoint of the plant breeder all of 
the other breeding procedures deal with the control of the paternal 
side of the inheritance either to learn more about the breeding be- 
havior of the mother plant, to fix desired characters, or to produce 
new combinations of desired characters. 

Tests of the breeding behavior of a selection of a cross-pollinated 
biennial or perennial plant may be conducted in several ways. Its 
self-fertilit}^ or self-sterility may be investigated by obtaining self- 
fertilized or close-bred seed and its selfed, close-bred, and out-crossed 
progenies may be grown and compared (7). If its breeding behavior 
should be determined to be superior, the mother plant itself may be 
used in further breeding procedures without the necessity of using 
its progeny as would be the case with annuals. 

The production of selfed seed (index No. i) is recognized as a 
fundamental procedure in securing improvement with many crops. 
With cross-pollinated grasses it is frequently difficult to obtain 
selfed seed by bagging or caging of the plant (i, 5, 7, 8, ii). This 
may result from inherent self-sterility or from unfavorable environ- 
mental factors. Although easier .to achieve with normally self- 
pollinated plants, it is by no means confined to this group as an im- 
prove,ment procedure. Inbreeding .may be considered either an 
objective, as in the production of inbred lines for the purpose of 
recombination, or a technic used solely for the evaluation of the breed- 
ing behavior of plant material under test. The decision as to its use 
in the breeding program for a particular species is an important one, 
dependent of, course on the nature of the plant and the objectives of 
the plant breeder. 

In the breeding of normally, cross-fertilized plants the determina- 
tion of self-sterility is an important consideration (13). If a plant 
vrith chosen characters is self-sterile, it may be used to secure hybrids 
with other selections through '‘natural crossing” by wind or insects 
without the necessity of emasculation (2, 15, 14). On the other hand, 
a plant which proves to be self-fertile may be tes^ted for its relative 
homozygosity for selected characters by growing its selfed progeny. 
Selection within a progeny of a self-fertile plant m.ay disclose a self- 
sterile' plant with the desired characters which may be used in .hy- 
bridization by natural crossing .metho.d.s. The increase in the pro- 
. portion of relatively self-sterile plants in selfed lines as compared, 
to. open-pollinated lines has .been demonstrated with, .alfalfa (14). 
.'.The difliculties of obtaining . advanced, generations of selfed lines 
with .many cross-pollinated grasses has also become generally recog- 
nized. 'Thus with the selection of ■ self-sterile, . cross-fertile plants 
produced by controlled or natural conditions, suitable hybrids 
between plant materials with desired characters may be secured 
without resorting to hand crossing methods. 

The continued inbreeding of normally cross-fertilized species 
usually results in a loss of vegetative vigor (ii, 13). Frequently this 
reduction in vigor is so drastic 'as to make the resulting inbreds of 
little value for recombination. If it is desired to retain certain plant 
characters free from change by outcrossing to other material, it may 
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be more advantageous to close-breed by the isolation of selected plants 
or by the transfer of pollen as in sib-pollination or back-crossing 
(index No. 2). The labelling of such closebred seed from individual 
plants would require the use of pedigree numbering attached to the 
previously used serial number, or the seed could be numbered more 
simply with a new serial number. With certain grasses, as well as 
with many other cross-fertilized crops, a much larger seed set can 
usually be obtained by close breeding than by selling (13) ; the losses 
in vigor may be less detrimental, allowing a better chance for 
selection of desired characters for out-crossing. 

It should not be overlooked that a progeny resulting from a planned 
hybridization must be close bred in the sense that it must be pro- 
tected from further out-crossing if a true segregation is to be expected 
in the succeeding generations. The index number 3 is especially 
useful in a breeding program for indicating the advance in generation 
of any plant material which is allowed to segregate normally without 
selection or contamination from other material. This treatment 
index, designed primarily for application to inbred lines and to hybrid 
progenies, may be extended to include the seed increase of a strain 
or AT-ariety in isolation. The number has its greatest usefulness as 
prefixed to a formerly used serial number following the year designa- 
tion of seed harvest in the identification. 

Segregating generations of a cross may also be obtained by self- 
fertilization of a selected hybrid plant or plants (index No. i) or b}?' 
the close-breeding of a progeny with a selection of individuals (index 
No. 2). This is often a desirable practice with crosses made by 
natural crossing methods, since they are usually not entirely effective 
and ^ the resulting progenies may include plants resulting from, self- 
or sib-fertilization as well as hybridization. 

A large number of unrelated selections having been made, they 
may be evaluated further by tests of combining ability (ii, 13). 
Dpcriptions of two procedures are given under index numbers 7 and 
8 in Table i. The general combining ability of a plant may be deter- 
mined by growing its clones with several other unrelated carefully 
selected plants to secure poiycrossed seed (index No. 7) . By comparing 
the^ rpulting progenies or polycrosses (13) of the several selected 
individuals in the block, those showing the best combining ability 
with the mass of pollen may be selected. In numbering the poly- 
crossed seed, the polycross block designation may be attached to 
the serial number as a suffix to record the plants in the block to 
which ^ the selection might have been crossed if several such blocks 
are being used. For example, seed from the clone 30—20 grown in a 
polycross block designated as II in 1945 would carry the polycross 
identification, 57-20 II. A record of the plants in the block would 
automatically be recorded in the seed inventory of that year. The 
index number ^7 might also be used to indicate a . polycross obtained 
on an inbred line outcrossed to other selected lines. The poiycrossed 
seed of. an inbred line,- such - as , 4 1-^3 o, . harvested in 1945 would be ' 
labelled 5 7 1--30 with the appropriate isolation block designation 
indicating the other lines with which ' it may' have crossed; ' This 
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method, differs from using clonal lines only in that sibbing might 

occur' to a slightly greater amount than selling. 

The. seed of a clone 30-20 grown in 1945 with, a topcross parent 
furnishing the bulk of the pollen in an isolation block would, be 
numbered 58-20; the seed produced by an inbred line 41-30 grown 
with a topcross parent wmuld be numbered 581-30. 

If it is desired to evaluate the specific combining ability of two 
individuals, their clones may be grown together in isolation or seed 
may be obtained by an exchange of pollen in bags or cages (index 
No. s) (6). Seed from two plants in a natural crossing block would 
be harvested and numbered separately as reciprocal crosses. Seed 
produced in 1945 would be numbered wfith the female parent desig- 
nation first and -with the male parent designation as a' suffi.x separated 
by an X . Examples : 55-20X60 and 55-60-X20. When the reciprocal 
progenies are grown for comparison with each other and with selfed 
or close-bred progenies in suitable tests, the extent of cross-pollina- 
tion between them as well as their reciprocal combining ability 
may be determined. If the reciprocally crossed seed is composited, 
the index number 6 would supplant the index number 5 in the identi- 
fication, thus 56-20X60. If a cross is made in which the probabilities' 
of securing selfed seed are greatly reduced by the emasculation of 
the female parent, ' the. treatment index number 4 would be used. 
A double cross may be numbered in the same manner as a single cross, 
if the contributing single crosses are renumbered. The possibilities 
of utilizing hybrid vigor in such crosses have been presented for 
alfalfa (13, 14). . ^ 

The steps in the final evolution of .a new strain or synthetic variety 
are provided in the combination of treatment index numbers whic.li 
may be assigned as a result of the breeding procedures afl'ecting 
selections and crosses. The index numbers i, 2, 3, 7, 8, or 9 may -be 
used preceding another index number in an identification to indicate 
the pollination conditions affecting an advanced generation, mntliout 
the assignment of a new, serial number. The index numbers 4 and s 
apply initially to crosses. The index number 6 supplants the number 5 
to signify the hybridization of genetic material plus the combination 
of resulting seed. The index number o should be used for combinations 
of unrelated seed from diverse sources. Used in this sense it w^ould 
be comparable to syn-o-.'as ..has been used in the im,provemeiit of 
alfalfa, and wa')uld be dropped out of later designations showing 
advances in generation. 

Strains might be developed tlmough selection within the progeii}" 
of a given cross grown in isolation (index No. 2) followed by the 
increase of the strain during later generations, or the cross might 
be carried into advanced generations without further selection (index 
No. 3), For example, the cross 55-20X60 advanced in generation in 
1946 would have for its seed designation the number 635--20X60. 
If the reciprocally crossed seed of 20 and 60, grown in 1945, were 
composited, it would be^ numbered 56-20X60 or the hylDiid seed 
would be given a new serial number (such as 90) with the treatment 
index number 6 for identification, as 56-90, The significance of the 
new serial number and the relative amounts of seed composited 
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would be recorded in the accession books. It could be increased in 
the next generation in 1946 as 636-90. 

A_ strain might be developed similarly from a crossing block 
(designated as III) in which a proven selection, 20, was out-crossed 
to several desired pollen parents. The seed selection designation in 
194s would read 55-20 III and upon isolation in 1946 it might 
produce seed designated as 635-20 III. If desired, the crossing block 
itself may be given a serial number (such as 100) denoting all of the 
included plant materials. The seed from a given selection would then 
be numbered in the same manner as a single cross, such as 5 5-20 X lob. 
Seed composited from such a natural crossing block limited to proven 
individuals with suitable combining ability would carry the number 6 
with the new serial number denoting the crossing block and appro- 
priate recorded description as 56-100. Besides the information on 
the last breeding procedure carried by the index number, the newly 
applied serial number and the crossing block designation, if used, 
would furnish all the other necessary infoi-mation and differentiate 
the strain so formed from a single or double cross. The use of treat- 
ment index number 6 would be comparable to the use of syn-i (13). A 
combination of index numbers 3 and 6 would be comparable to 
syn-2, etc. After the strain becomes established to the satisfaction 
of the plant breeder the need for any treatment designation other 
than one to signify the isolation required for the maintenance of 
purity (index No. 3) will have become unnecessary. 

The foregoing discussion of treatment index numbers is intended 
to set forth how these might be used in an extensive breeding pro- 
gram with cross-pollinated perennials. Since the outstanding feature 
of the numbering system is the connotation of the treatment index 
ntmiber in the identification of a selection, this part of the p lan 
might be adopted and revised for various purposes. It is doubtful 
if a completely uniform system should be adopted for all workers. 
For example, different treatment index numbers have been used by 
both the alfalfa and grass breeding projects at the Nebraska Station 
during the development of the numbering system and they have been 
assigned variously to breeding procedures (14). However, the treat- 
ment index numbers here presented appear to answer the broader 
needs of both these programs at the present time. It has been thought 
best to leave to the discretion of the individual the application of 
symbols to particular deta.iled procedures with which he alone 
might be concerned. Reserving the ten numerals for the most used 
procedures, the capital letters. A, B, C, etc., might be used for 
special breeding methods or studies. In this connection the letters 
A and S are suggested for detailed methods of obtaining self-fertiliza- 
tion, the letter B for a special back-crossing technic, D for diallel 
crossing, etc. These index letters could be interspersed in the table 
following the most nearly related treatment index number which 
they would supplant. 

A word of caution should be added. It. can be seen from these 
examples that any numbering system can become complex. At this 
point in a program it is always best to apply a new serial number 
and to record its full significance. It is not necessary to have treat- 
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ment index , numbers or letters to' transmit iiiforniation wliidi can 
readily be recoi'ded in the accession record. It should also be kept 
constantly in mind that a definite breeding procedure for each crop 
should be established and that the numbering system be used as a 
means to that end. According^, the ramifications of the system need 
not be exploited. Since the numbering system is a reflection of the 
plant breeder’s objectives^ these should be kept as simple as the 
complex breeding behavior of. his plants will permit. 

SYSTEM FOR TAKING NOTES 

A subject closely related to a numbering system for a plant breed- 
ing project is a method of recording comparative notes whether it 
be for individual plant, row, or plot studies. With the development 
of the cooperative nurseries in the Alfalfa Improvement Conference 
there was a demand for uniform note taking so that results from 
various stations could be easily interpreted, averaged, and sum- 
marized. It was obvious that such notes as “slight,” “medium,” or 
“strong” could not be averaged with “ + ,” “d=,” and The 
Alfalfa Conference, therefore, decided, to use numerical reco,rds in 
all note taking. Although a numerical method of reco,rding notes 
was not new, a systematized method of application was not being 
used. As a revSult of a number of requests, H. L, Westover and the 
junior author prepared a group of headings and suggested numerical 
classes for use in the uniform nurseiies. These have proved quite 
useful and a description of them as now used in both alfalfa and grass 
uniform nurseries is here presented for those who may be interested. 

The, two chief principles in this system of note taki.n,g are first, 
that notes are recorded numeriGally using a scale from o to lo, and 
.second, that where possible the lowest figure represents the most 
desirable expression of the character. The latter principle has been 
very useful and for this reason will be discussed in some detail. In 
disease observations, it might be taken for granted that absence of 
disease is recorded as o, little as i, medium as 5, and sewere as 9, 
but in notes on vigor of growth, for example, strong, vigorous growth 
might be recorded as 8 or 9 as readily as i or 2. If, however, the 
second principle is followed, viz., the better the expression of the 
character the lower the figure, strong, vigorous growth (or absence 
of disease) would always be recorded as i, medium vigor of growth 
as s, and very weak growth as 9. The verbal expression of these 
numerical notes regarding a plant character could accordingly be 
.expressed thus: 1 = excellent, 3 -good, 5 = medium, 7= fair, 9 = poor, 
arranged about the average or median of 5, or 50%. 

In estimating seed production, observers may be accustomed to 
giving the plants with the most seed the highest number and it might 
seem awkward to give the highest seed producers the lowest number. 
But, if the observer thinks of classifying the plants of first choice, 
second, third, and so on, it becomes natural to place the best seeders 
in the No. i class and the very poorest in the 8th or gtli. In fact in 
some cases it seems to “streamline” the note taking to think of the 
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best plants' for each character as the No. i in the group or in other 
words, as being at the head of the class. 

There are a few instances where it is difficult to decide which is the 
better expression of a character, ' and therefore, which is i or 9. For 
example, prostrate habit of growth in alfalfa may be desirable for 
certain purposes, in other cases an intermediate type, and in others 
a very upright type might be most desirable. Ordinarily the inter- 
mediate to upright type might be preferred but it would be recorded 
as 4 or 5, not i which is reserved for the most upright plants. Such 
instances, however, are comparatively rare. 

Several other reasons why it has been found desirable to adhere 
to the principles of this system are that when a recorder inadvertently 
omits a footnote reference to the scale used in notetaking, he, or 
more particularly someone else who has to summarize the data, is 
not at a loss to understand the scale. It is very desirable, however, 
to have a clear, written description of the meaning of the numerical 
notes which are recorded. The application of this method of note 
taking also makes it possible to average several different characteris- 
tics of strains, in which case the strain having the lowest average 
has the more superior characteristics. In evaluating selections it 
also has been found helpful to take a single note repi'esenting the 
observer’s estimate of the strain as a whole. This is called a ‘‘desira- 
bility” note, taken on the same scale as the other notes. These notes 
make it possible to eliminate selections lower than a selected standard. 
On the other hand, selections of outstanding merit for certain charac- 
ters may be retained for special breeding purposes even though their 
average ratings ma}^ be low. 

In the case of actual yield data and percentage survival, the higher 
the figures the better the strain in contrast to the notes discussed 
above. Such data, however, are usually treated or summarized 
separately from the observational data and in any case need not 
be confused with the conditions imposed by the system. Stands, 
winter injury, and bloom may preferably be recorded in per cent, but 
they may also be taken on the i to 9 scale of observational notes. 

It is not necessary and often not desirable to use the full scale 
for any one particular set of notes. If, for example, notes are being 
taken on a disease which is not severe in any of the plants tinder 
observation, only the lower portion of the scale, say from i to 5, 
would be used. It is also obvious that the intermediate readings, 
2, 4, '6,: and 8, may be used. In special cases or in averages of several 
determinations, even the smaller divisions such as 2.5, 3.5, etc. 
assume significance. 

This method of note taking is applicable 'to a wide range of differ- 
ent types of observations including those on plant characteristics, 
incidence of diseases, insect injury,- and crop production notes. 

SUMMARY 

A system, of ..numbering plant and seed' material dor use' in The 
improvement of cross-pollinated . forage grasses and legumes is 
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presented. As a basic system it is broadly applicable and flexible 
for use in the breeding of any crop. The essential features of the 
system incltide the . designation of the year of seed .prodiictioii or 
plant selection and a treatment index number giving the breeding 
procedure or the conditions' under which seed is produced. These 
designations are prefixed to the serial number of a selection. The 
year of selection appears first in the identification, and, for brevity, 
is the last figure of the applicable calendar year. It is followed by 
number or letter as a treatment index. These are separated from the 
serial number by a dash. Selections are serially numbered over a period 
of years with descriptions of the plant material recorded in accession 
books. 

The proposed sj’stem of numbering is advantageous to a breeding 
program in the ready recognition of plant and seed material and seed 
materials with a minimum of numbers and in keeping track of changes 
ill genetic composition during the process of improvement. It may 
also aid in the selection of definite breeding procedures for a given 
kind of plant. A set of treatment index numbers with descriptions of 
breeding procedures to which they refer and examples of their use 
are presented to show their application in a plant improvement 
program. 

A plan is also descrilied for the numerical recording of com, para- 
tive notes on plant materials. In this system of note taking, the lowest 
figure in a scale of i to 9 represents the most desirable expression, of 
the character. The application and advantages of such a system are 
discussed. 
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INVESTIGATIONS WITH THE CASTOR BEAN PLANT: 

L ADAPTATION AND VARIETY TESTS-' 

W. E. Domingo and D. M. Crooks''^ 

W ORLD War II increased the need for drying and nondrying 
oils at a time when most of the American importations of these 
oils were either curtailed or seriously threatened by militar}^ activi- 
ties, Castor oil, which is extracted from, seed of the castor bean plant, 
Ricintis contnumis L., and which had become increasingly popular 
for industrial uses in pre-war years, played an important role in 
meeting these requirements. New processes referred to as dehydra- 
tion convert it ■i.nto a drying oil which is an acceptable substitute 
for certain oils, is a valuable constituent in some coatings, and is 
preferable to other oils for particular finishes. The normal extracted 
oil possesses qualities which make it desirable for hydraulic mechan- 
isms, and it is used in the manufacture of soap, linoleum and oil 
cloth, printing ink, leather, and textiles. 

Commercial production of castor beans in this country in the years 
just prior to the war was negligible. Importations of beans, largely 
from Brazil, exceeded 164 million pounds in 1936 and more than twice 
that amount in 1941. As a matter of preparatio.ii for possible commer- 
cial production in this countiy, intensive work wuvS mroaied in 1941'' 
to (a) determine the area in this countr}^ best suited io llie produition 
of castor beans; (b) collect, evaluate, and increase seed sup>])lies < )t the 
available “strains”; and (c) determine the most efieelh'e eultural 
methods and what production problems might be encountered. The 
work was conducted by the Bureau of Plant Industry, vSoils, and' 
Agricultural Engineering cooperating with many state agrieultural 
experiment stations and individuals. It is not possible to list here all 
of the cooperators; however, the mimeographed reports ( 9 , 10 , ii)*' 
summarizing the work annuall}^ from 1941 to 1943 their names 
and the nature of their participation. This is the first of a series of 
three papers compiling those results according to phases of work. 

METHODS AND REvSULTS 
ADAPTATION 

Sketchy indications of adaptation of this species to conditions in 
the United States are furnished by very inadequate records of pre- 
vious production and field tests. Mention has been made of cultiva- 
tion in Kentucky and New York in 1803, Production in the early 
19th century centered in Oklahoma, Missouri, KansavS, and Illinois. 
The 1850 census indicated the existence of 23 extraction mills from 
Illinois to Pennsylvania in the north to Arkansas and Alabama in 

^Contribution from the Division of Tobac'co, Medicinal and S|)ecia.l Cro|,)s, 
Bureau of Plant Industry, vSoils, and Agricultural Engineering, Agritultural Re- 
search Administration, U. S. Dept, of Agriculture, Beltsville, Aid. Rc(.-ei\'cd for 
publication April lO, 1945. 

"Agronomist and Principal Horticulturist in Charge, respecti\'el\'. 

'^From 1938 to 1940 a few state agricultural experiment stations liad conducted 
variety tests with miscellaneous strains and seed supplied by the U. S, Dept, of 
Agriculture. 

‘^Numbers in parenthesis refer to “Literature Cited”, p. 761. 
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the south ; however, 70% of' the oil was- extracted 'in mills in Missouri. 
Following the Civil War, Kansas became the chief production area 
with an estimated crop of 766,000' bushels in 1879. During the next 
two decades the center of production shifted from Kansas to Okla- 
homa and domestic production decreased rapidly to less than 100,000 
bushels' annually after 1892. Production has been negligible since 
about 1900 except in 1918 when the heavy demands for aircraft 
lubrication resulted in a production program under the direction of 
the army. A considerable acreage was established in North and South 
Carolina, Florida, Georgia, Alabama, Mississippi, Louisiana, Arkan- 
sas, Texas, and California; .however, because of disease, poorly 
adapted varieties, and inexperience with the crop, only about 
250,000 bushels were produced. 

Specific adaptation information was obtained from 1941 to 1943 
by planting experimental plots^ in many states for obseiwations on 
yield, incidence of disease, insect damage, and reaction to different 
soil types, growing seasons, and the supply and distribution of 
moisture. The states in which these plantings were made were 
Alabama, Arizona, iVrkansas, California, Florida, Georgia, Illinois, 
Indiana, Kansas, Kentucky, Louisiana, Maryland, Minnesota, 
Missouri, Nebraska, New Mexico, Noidh Carolina, Ohio, Oklahoma, 
South Carolina, Tennessee, and Texas. This area is roughly the 
southern half of the United States exclusive of Nevada, Utah, and 
Colorado, and includes a great variety of growing conditions. 

The experimental plantings were conducted at 73 locations in 1941, 
60 locations in 1942, and 34 locations in 1943. In addition to furnish- 
ing adaptation information, the majority of the 1941 and 1942 tests 
compared varieties, and the remainder compared either dates of 
planting, rates of planting, or fertilizers. In 1943 replicated tests, 
largely of the split-plot design comparing both varieties and cultural 
methods, were conducted in the area which seemed at that time to be 
best suited to castor bean production. Tests outside of that area in 
1943 consisted of small unreplicated plots of the main varieties for 
miscellaneous observations. 

In Table i are shown the locations where tests were conducted 
as well as the average yields in pounds of shelled beans per acre for 
each test on which yield data were obtained. Many of the locations 
had more than one type of test each year and in those cases the tabu- 
lar datum for the location is a mean of the average yields of the tests. 
While yield is a criterion of general adaptation, the cojaclusions con- 
cerning adaptation which may be drawn from these yield data are 
limited by several facts such as (a) most of the tests compared both 
good and poor treatments, e.g., varieties,- or date-of-pl anting, etc.', 
and the yields, of all treatments contributed to the average yield 
of the. test; (b) in all 3, years many of the yields were low because of 
late: planting which was due in 1942 and 1943 to wet springs' and in 
1941 to a wet spring in certain localities and the late date that the 

^Additional information on adaptation was collected in these same years from 
commercial acreages in Indiana, Illinois, Kentucky, Tennessee, Missouri, Kansas, 
Oklahoma, and Texas which were grown for seed increase of certain varieties 
under federal contract. 
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Table i.— Yields in pounds of Milled {threshed) beans. per acre for tests where yield 

data were obtained,'^ 


State 

Town 

Pounds of threshed bea: 

[ 1941 1942 

! 

ns per acre 

1943 

Alabama 

Anbiirii 

452 

967 

227 


Belle Mina 


1,067 

990 


Headland 



851 

1,148 


Montgomery 

488 ■ 

_ — 

— 


Tuskegee 

— 

452 

304 

Arizona 

Mesa 

L 757 

■2,134 

— 


Tuscon 

1,769 

869 

— 

Arkansas 

Bates\rille 


488 

293 


Fayetteville 

— 

461 

t 


Hope 

— 

813 

t 


Roseland 

814 


— 


Stuttgart 

— 

873 

591 

California 

Bard 

902 

1,721 



Florida 

Brooksville 

91 

41 i 

— 


Gainesville 

168 

355 

— 


Leesburg 

118 

684 



Quincy 

177 

i 0 

— 

Georgia 

Blairsville 

— 

‘,258 

— ■' 


Cairo 

75 

— 



Experiment 


: 856 

, 


Tifton 

262 


■ , 


Ways 

143 


— 

Illinois. 

Alhambra 

872 

— 




Brownstown 

691 

. 442 

; i ■■ 


Carbondaie 

559 


— 


Elizabethtown 

729 

— ™ 

■„ 


Equality 

744 

1 — .. 



Muscoutah 

799 

1 — _ 

— 


Robbs 

608 

' 691 

386 


Sparta 

440 

— ™ 



Urbana 

1.554 

1,005 

1 ,260 

Indiana. 

Bedford 

632 

i 1,126 

— 


LaFayette 

1.639 

906 

— 


Merom 

603 

— 

S 

Kansas 

Altaniont 

300 

— 

; 


Hays 


891 

1 — 


Kingman 

467 

— 

1 _ — 


Manhattan 


1,010 

: 1,050 


Maple Hill 

1,240 

— . 



Mortonville 


: 5 di 




Parsons 

425 


: ■ 


Thayer 


892 

, , , 


Wichita 

— 

909 

678 , . 

Kentucky . . . 

Lexington 

L 445 

L55<^> 

1,194 


Princeton 

1,038 

1,108 

981 

. Lomsiana . . . . . ...... 

St. Joseph 


1,047 , 

' — 

Maryland 

Beltsville 

9^5 

1,420 

1,329 

Minnesota 

St. Paul 


0 

■ ■ "'O 


Waseca 

- — . 

0 

— 0 

Mississippi 

Hattiesburg 

345 

— 

, . 


Poplarville 

326 

, , . 



Raymond 

624 

1.623 

872 





DOMINGO AND crooks: CASTOR BEAN 


753 


Table i. — Concluded, 


State 

Town 

Pounds of threshed beans per acre 

1941 

1942 

1943 

Missouri 

Columbia 

734 

1,079 

_ — 


Deepwater 

534 

— 

“• — ■ 


Jasper 

626 

— - 

- — 


Mexico 

284 

— _ 

- — 


.Paris 

875 

— 

— 


Sikeston 

766 

— 

. — . 


Springfield 

513 

— 

— 

Nebraska 

xAuburn 

— 

1,521 

- — 


Palls City 

— 

— 

384 


Fremont 

— 

1,199 

— 


Lincoln 

— 

■ 953 

988 

New Mexico 

State College 

1,626 

1,818 

2,053 

North Carolina 

Statesville 

— 

1,077 

t 


Rocky Mount 

— 

774 


Ohio 

Columbus 

— 

764 

— — 

Oklahoma 

Arapaho 

183 


— 


Ardmore 

691 

1,068 

— — 


Cherokee 

615 

— 

— 


Chickasha 

655 

— 

— 


Durant 

416 

— 

— 


Greenfield 

667 

— 

— 


.Lawton 

597 

819 

— 


Okemah 

752 

— 

— 


Perkins 

731 

— 



Stillwater i 

652 

774 

360 


Tipton 

1,557 


— 


Watonga 

— 

770 

— 


Woodward 

927 


465 

South Carolina 

Columbia 


576 

939 

Tennessee 

Clarksville 

941 1 

1,298 



Columbia 

2,027 

1,894 

■ . — . 


Jackson 

1,361 

i»555 

_ 


Knoxville 

924 

978 

809 

Texas 

Aiigleton 

178 

461 

___ 


Beaumont 


— , 

— ^ 


Beeville 


! 

281 


Chillicothe 

1,012 

872 

885 


College Station 

259 

— 



Denton 

580 

■ 53fi 

1,100 


Deport 

246 




; Greenville 

571 

312 

— 


Iowa Park 

454 

1,212 

52G 


Lubbock 

737 

■ 547 

531 , , 


Robstown 

493 




Scottsville 

317 

— 

— ' 


Temple 

377 

381 

88 


Tyler 

109 

’60 

t 


Weslaco 

631 


t 


Wherever more than one type ;Of test was conducted at one location in any one year, the datum 
presented is the mean of the average yields for those tests. 

■fYield data not, taken.. 


program was initiated; (c) much of the area had an unusually early 
frost in the fall of 1942; (d) most of the area, especially parts of 
Kansas and Oklahoma, had an unusually droughty summer in 1943 ; 
(e) certain tests were located on soil which proved to be unsuited 
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to tile crop; and (f) some of the yields. are from small unreplicated 
plots. The data, however, furnish a basis for consideration of specific 
factors governing adaptation ..which are discussed separately in the 
following sections, x^ttention will be given .first to those factors 
which . determine the boundaries of .the major area of adaptation, 
which are disease, length of growing season, and rainfall, and then to 
factors of local adaptation which is largely a question of soils. 

Diseases and insects . — Several diseases have been observed on the 
castor bean plant in the United States, but at present only one 
appears to be a limiting factor in determining areas of adaptation. 
This disease, gray mold, Sclerotinia ricini Godfrey, was first reported 
by Stevens (6) in 1918. Godfrey (2, 3) wrote further of the disease, 
describing the causal organism and recommendi.ng control measures. 
The damage is largely confined to the inflorescences which are at- 
tacked in all stages of development during wet periods. The gray 
fungal mass usually envelops and completely destroys the .raceme. 
Godfrey (3) found the disease in Mississippi, Louisia.!ia, Texas, and 
throughout Florida, and I'eported losses of 10 to 100% in affected 
districts. In the current studies the disease was serious in three 
southern states. In 1941 it occurred in Florida and southern Georgia ; 
in 1942 it completely destroyed the iiifl.orescerices at Ouiricy, Fla., 
and greatly reduced the yield at Brooksville, Fla. ; and in 1943 it 
attacked all inflorescences at Angieton, Tex. Thus it has been found 
in Georgia and four of the five Gulf Coastal states. vSince, as reported 
by Godfrey, the disease is quite specific as to host plant, it is presumed, 
that. continuous planting in those regions would result in increasing 
incidence of the disease. The only known effective control measure 
is the planting of mold-free seed i.n areas where climatic conditions 
are not favorable to the disease. This, eliminates a sizeable area of 
the Gulf Coastal section from the region of best adaptation of this 
species. This area includes all of Florida, most of Alabama, Georgia, 
Mississippi, Louisiana, and the coastal region of east Texas having a 
summer precipitation of more than about 20 inches. 

AUernaria ncifd (Yoshii) Hansford, which was first thought to be 
only saprophytic on castor beans, has been shown Yoshii (12) and 
Stevenson (7) to be parasitic. This fungus has been found on castor 
beans throughout the area of. the tests, although less frequently in 
the areas with low rainfall and infrequent periods of high humidity. 
.It .becomes established during. humid weat-her on the capsules at 
any stage of their development, but most frequently either during 
the .. very early stage or after the capsules reach their . full size. The. 
extent . to which this species causes '.losses has not been definitely 
established. It has been known to destroy young inflorescences com- 
pletely, yet it probably causes little damage to beans which are 
relatively mature before the fungus becomes established. The 
organism appears to be widespread (7) and the extent of damage 
depends upon favorable conditions for fungus growth. 

At Angieton, Iowa Park, Greenville, and Temple, Texas, plants 
were observed to be susceptible to attack by the cotton root rot 
fungus Phymatotrickum omniwrum (Shear) Duggar. This is in general 
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agreement with Taubenhaus and Ezekiel (8) who classify castor 
beans and cotton as ‘ 'highly susceptible” (30 to 80% , of the plants 
exposed die during the year), and soybeans as "extremely suscepti- 
ble” (80 to 100% of the plants exposed die). However, at Iowa Park, 
less than 25% of the castor bean plants were affected, while on adja- 
cent plots all of the soybean plants and roughly 50% of the cotton 
plants were noticeably affected. 

Leaf spot, which presumably was due to a species of either Cer- 
cos par a or Alternaria, was observed to cause abscission of the older 
leaves in several scattered tests. A wilt, possibly caused by a Fusarium 
species, destroyed some plants in the Leesburg, Fla., test in 1942. 

A green stinkbug, Pentatomidae, was found to be abundant on 
the racemes in the blackland belt of Texas and at points in Florida. 
In some localities with a high stinkbug population the yields of beans 
were very low; however, it is doubtful that this insect caused serious 
direct loss by its feeding, but its mechanical damage to the capsule 
possibly facilitated the entrance and establishment of diseases such 
as gray mold and AUernaria. 

Nematodes were observed to cause minor damage to this species 
in Florida, South Carolina, and Texas. Leaf hoppers, leaf miners, 
caterpillars, grasshoppers and Japanese beetles were occasionally 
noted to feed on the foliage, but their damage is not believed to be 
great. 

Growing season . — With the southern boundary of adaptation deter- 
mined by the gray mold, the question is raised as to how far north 
this species can be grown successfully. The present varieties continue 
to produce new inflorescences throughout the summer. This results 
in each plant having, at any time in late summer, racemes in all stages 
of development from unfertilized ovaries to mature capsules. Raceme 
development and maturity are stopped by the first freeze in the fall. 
Therefore, while the greater percentage, of the seed is produced early 
in the season, the yield is limited by the length of the growing season. 
Yields have been consistently good at Urbana, 111 ., which has an 
average growing season of 180 days. A good yield of seed was pro- 
duced at Fremont, Neb., in a season shorter than its average of 16 1 
days, yet seed failed to mature on the three common varieties at two 
points in Minnesota in 1942 and 1943 with growing- seasons only a 
little shorter than that at Fremont. The area' of adaptation for the 
three common varieties appears to be limited to those regions having 
growing seasons of approximately .180 days or more. Roughly this 
would include the southeastern half of Kansas, all of Missouri,, the 
southern third of Illinois, southern Indiana, the southern tip of Ohio, 
and points south. _ In this regard, however, it- is important to note' 
that current breeding programs with this species are producing varie-- 
ties , which are quite .early and will permit' a revision northward of 
the boundary of adaptation. 

Moisto important in determining adaptation in 
that it affects germination, growth, and disease incidence. Mention 
has been made of the occurrence of gray mold in wet periods which 
are common in regions of high sunimer' rainfall,: This fact has elimi- 
nated most of the Gulf Coastal region and Georgia -from, .the area of 
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adaptation. Coastal areas -of North and South Carolina would ap*-, 
parently, be, eliminated for the same reason. 

The castor bean could hardly be classed as especially drought 
resistant- , It is true that its habit of continually producing .new i,ii- 
florescences safeguards it against total or even extensive damage 
by a few days of hot winds. However, prolonged periods of drought 
in midsummer cause defoliation from which the plant does not 
recover soon enough to mature seed. 

With the southern and northern boundaries of adaptation deter- 
mined by , gray 'mold and grovring season, respectively, moisture 
determines the general western boundarjo Observations in Kansas, 
Oklahoma, and Texas indicate that between 15 and 20 inches of 
rainfall from April to September are essential to satisfactory yields. 
This would include in the area of adaptation practically all of that 
part of Kansas with satisfactory growing season and all of Oklahoma 
except the pan-handle. The south central and eastern, parts of the 
Texas pan-liandle and roughly the eastern one third of Texas are 
satisfactory as far as moisture is concerned, but gray mold and other 
factors eliminate much of the southern part of the latter section. 
A region within a radius of about 50 miles of Corpus Cliristi, Tex., 
also seemed to be well adapted except where tropical storms were 
severe. Excellent yields are obtained in irrigated valleys of Nei^v 
Mexico, Arizona, southern California, and southern Texas, but at 
pre,sent this species cannot compete with higher- value crops on .most 
of the iiTigated land in those areas. 

This western boundary of adaptation is highly irregular, however, 
because of the variations in effect of low rainfall on soils of different 
textures occuning in that region. 

Soils . — Within this outer general boundary of adaptatio'ii exist 
areas of greath^ diverse suitability for the species. Most of these 
differences are due to soils or soil and rainfall relationships. This 
problem was studied in detail by field surveys of the soil and the crop 
performance on experimental plantings and seed increase fields. The 
detailed report® classifies all of the known soil types and phases with- 
in this region as to their suitability for castor beans. Further, it 
itemizes and discusses those characteristics which are necessary for 
a soil to be satisfactory for castor beans. Those desirable soil charac- 
teristics are as follows: 

1. Exceptionally good 'surface and under drainage. This plant is 
adversely affected more than most field crops by inadequate drainage 
of surface or subsoil. 

2. Sufficient subsoil permeability "to ' insure the adequate move- 
ment of air and water; and the. growth of plant roots. This species 
has a wide and deep .root system ..and a friable, subsoil is essential 
for maximum root development. Also, .soils with claypans or under- 
lain. with, excessively sandy or gravelly material near the surface 
develop conditions of drought in the upper soil during dry periods. 


^Unpublished report by E. W. Knoble, Associate Soil Scientist, Division of 
Soil Survey, Bureau of Plant Industry, Soils and Agricultural Engineering. 
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3. The capacity to warm tip readily- in. the spring. Castor beans 
..grown on soil which warms tip readily. in the' spring have' a better 
chance of maturing seed than those grown on heavy soil This is 
especially true in the northern edge of the zone- of adaptation. Con- 
ditions which make for rapid warming are texture and to a less extent 
organic matter. The loams, sandy loams, and loamy sands are better 
than clay loams, silty clays, and clays. 

4. Adequate moisture storage to meet the requirements of the crop. 

■ ■ 5. Freedom from conditions preventing the efficient and economi- 
cal use of cultural implements. 

6 . Lack of steep slopes subject to destructive erosion. The. crop 
offers poor protection against runoff and erosion, and it apparently 
leaves the soil in a looser condition than do most field crops. 

7. Freedom from adverse chemical conditions, such as harmful 
concentrations of soluble constituents, high acidity, and from other 
special conditions that favor infestations of detrimental organisms. 
Castor beans succeed on either calcareous or acid soil, providing 
the subsoil is permeable and good drainage conditions prevail. 
Generally, however, highly acid conditions of the fiiie-textured soils 
are associated with either poor surface or under drainage, or slow 
permeability of the subsoil. 

It was obseiwed that the best yields were obtained on well-drained 
permeable soils, whether they were on bottomland, terrace, or up- 
land. In those cases where vegetative growth was very rank on bot- 
tom land, the yields were not greatly different from those on less- 
rank growth. Unlike most field crops, the castor bean succeeds on 
either fertile or relatively unfertile soils provided the physical con- 
ditions are favorable for growth. The place of fertilizers will be dis- 
cussed in a later paper of this series. 

Obviously there is no extensive area with only good castor bean 
soil, and likewise at least small areas of suitable soils can be found 
throughout the area of adaptation outlined above. It is important, 
however, to note those sections in which the majority of the land 
consists of soil types and phases which are well suited for castor 
beans. The larger general areas of this type include sections in western 
Missouri, much of northeast and south central' Kansas, , sizeable 
areas of western Oklahoma and the valley of the Red River between, 
Texas and Oklahoma, parts of western and central Kentucky and 
Tennessee, much of the Mississippi and Illinois river valleys, in 
Missouri and Illinois, and an area in west central Illinois. 


VARIETY COMPARISONS 

■ Very ^ few recognized varieties of castor beans were available for 
comparipn when the program was initiated late in the spring of 1941. 
Quantities of seed from many sources were quickly accumulated and 
assigned an' identifying., name. Most. of these have obscure ancestry, 
although several of them are known To have come from dooryard 
plants which probably descended . from the earlier , commercial plant- 
ings in 'this'' country. The practice: of- harvesting seed over a period of 
years from plants ' with undehisced ' capsules has resulted in the 


7s8 journal of the American society op agronomy 

development of some relatively nondehiscent types, and tlie loss of 
beans by shattering is no longer a serious problem with certain selec- 
tions.. 

In 1941, 44 types were planted at as many places as the amount of 
seed and the time for organization would permit. There was neces- 
sarily much lack of uniformity of design between tests, but they 
served to decrease materially the number of varieties to receive 
serious consideration for use in the seed-increase program and in 
further cultural and variety tests. Table 2 shows the 1941 to 1943 
jdelds for those strains which were grown at 10 or more locations in 
1941 . The data are averages of the yields of each strain at all locations 
and are listed in order of decreasing 1941 values. The values for 29 
additional varieties which were each grown in 1941 at fewer than 10 
locations are not included in the table since they are not considered 
comparable to the values based on more locations. 


Table 2. — Mean yields in pounds of hulled beans per acre of castor bean strains at 
various numbers of locations in j years, listed in the order of decreasing IQ41 

yields.'^ 


Variety 

I 

^ 1941 

194 

2 ! 

1943 

No. of 
locations 

Mean 

yield 

No. of 
locations 

Mean 

yield 

No. of 
locations 

M'ean 

yield 

Arlington, 

16 

998 

— 

— 

, — 

, — . 

Conner 

91 

804 

6i 

941 

23 

795 

Doughty I I 

39 

781 

61 

829 

18 . 

699 

U.S.4 

53 1 

763 : 

61 

936 

— 

' — , 

Kentucky 38 

47 1 

735 

61 1 

886 

2! 

737 

Kansas Common 

24 1 

693 

60 : 

908 

■ — 

~ 

IT. S. 7 

52 

672 

61 

925 

; 

— — 

Kolp 

12 

620 

— 


i 

— ~ 

San Benito. ......... 

25 

619 

— . 

— 

— - 

— 

Flowering 

12 

579 ! 

— 



— 

— , 

Scott 

II 

370 

— 



— 

— - 

Woburn 6 . 

II 

279 




— . 

— - 

Woburn 4 . 

12 

193 

— 




— , 

Woburn 2 

12 

128 


— 

— 

' 

Woburn 3. ■ 

12 

59 

— 

■ 

— 

— 


*Tlie values foi; 29 additioual strains whicli were each grown in 1941 at fewer than 10 locations 
are not included since they are not considered comparable to the values based on more locations. 


The screening of types was largely done according to yield, genera! 
plant type, and uniformity of type. Uniformity of type, especially 
seed size, ds an imp.ortant varietal .characteristic in this species in 
that it: .affects planting and hulling.-operations. When planting is done, 
with a ' eorn drill or ..similar mechanism, lack of uniformity of seed size 
prevents uniform stands and also permits seed breakage which, with 
a seed so high in oil, causes the collection of d.irt which results' in, fur- 
ther trouble. New castor bean hullers'(i,' 4, 5) were designed to 
operate very efficiently with seed of uniform size, but seed of variable 
size cannot be threshed without cracking the brittle seed coat of 
some seeds which permits rapid, deterioration of the oil. Another 
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criterion for selection was plant typeJ' Harvesting costs are lowest in 
types with large racemes since no machines are available for field 
harvest and this operation is at present done by hand. 

The reduction in number of strains for consideration from 44111 
1941 to 6 in 1942 was primarily on the basis of yield and uniformity 
of type. The, six chosen had been among the top yielders in 1941, 
except for those few which produced high yields under irrigation. 
The further reduction to three varieties, namely, Conner, Doughty 1 1 , 
and Kentucky 38, in 1943, was based primarily on purity and plant 
type. The available seed stocks of Conner, Doughty ii, and Ken- 
tucky 38 produced more uniform plantings than U. S. 4, U. S. 7, and 
Kansas Common. Conner and Doughty 1 1 had larger racemes than 
Kentucky 38, but the latter was retained because of its relative 
earliiiess, which is essential in much of the test region. Also, since 
the plant type of Kentucky 38 is different from that of Conner and 
Doughty 1 1 , that variety was used to furnish information on the inter- 
action between plant type and cultural methods in split-plot tests in 

Sixty-one variety tests in 1942 and 23 in 1943 compared these 
varieties critically. , The following generalized statements can be 
formulated from those data: 

1. In 1942 the Conner variety yielded highest or within the 5% 
range of error of the highest in 69% of the tests in which it occurred, 
and those data for Doughty 1 1 and Kentucky 38 were 41% and 54%, 
respectively. The same information for 1943 is 48%, 31%? and 16%, 
respectively. 

2. Both Conner and Doughty ii averaged about 4.5 and 3.5 spikes 
per plant in 1942 and 1943, respectively. For Kentucky 38 these data 
were 7.2 in 1942 and 6 in 1943. 

3. Conner, Doughty ii, and Kentucky 38 were about 75, 74, and 
60 inches tall, respectively, in 1942 and 76, 76, and 62 inches in 1943. 

4. In 1943 both Kentucky 38 and Doughty ii had hulling per- 
centages^ of about 70 which was significantly greater than that of 
66.7 for Conner, This characteristic is of course of less practical 
value than yield of hulled beans unless low ' hulling percentage is 
found to be due to a disease which prevents normal filling of the seed, 
ill which case the difference noted might suggest differences between 
varieties in resistance. 

5. Both Conner and Doughty ii were observed to lodge and shat- 
ter less than Kentucky 38. 

/ number 'of public and private concerns' and individuals designed castor .bean 
bullers of, various types, including modified combine threshing units and modified 
peanut liullers, all of which had, considerable limitations. The two types of hullers 
that, proved most effective and were constructed for .use- in the seed increase 
program in the United States and for commercial ■ hulling in other countries 
were designed principally by E. D. Gordon and I. F. Reed, Associate i\gricuitural 
Engineers, U.S.D. A. Tillage Laboratory, Auburn, Ala., and H. A. Arnold, 
Associate Agricultural Engineer, Tenn. Agr. Exp. Station, Knoxville, Tenn. 

^Hullmg percentage is the weight of hulled, mature, sound, beans divided by 
the, .weight’ of the beans in the hull in dry condition but free from the central stems 
of the spikes. , 
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DISCUSSION 

Many growers who produced seed under a government agreement 
from 1941 to 1943 ■were favorably impressed mutli castor beans as a 
crop for their area. These growers included operators of both large 
and small farms in Kentucky, Tennessee, Indiana, Illinois, Missouri, 
Kansas, Oklahoma, Arkansas,- and Texas. However, until oil extrac- 
tors are located near the area of production and varieties are devel- 
oped which lend themselves to the more mechanized haiwesting on 
large acreages, domestic beans probably cannot compete with im- 
ported oil or with imported beans which are processed near the port 
of entry. ' ■ , . 

The recent expeiimental work. not only has been insurance against 
a crippling shortage in this war but also furnishes a resenmir of 
knowledge for any possible future production in time of either 
restricted or unrestricted importation. The plant material collected 
and now being used for further development of more adapted types 
may w^'ell become significant in developing a new^ crop for diversifica- 
tion of agriculture in years of surpluses. 

Current breeding programs will undoubtedly produce varieties 
which will be superior to those now available. In addition to greater 
yield and complete shatter resistance there is need for larger racemes 
on varieties to be used for hand harvest. Also, there is need for types 
with small stems for ' combine harvest of larger acreages. Manu- 
facturers of farm implements are determining what adjustments are 
necessary in their present combines to make them suitable for castor 
bean harvest. Present indications are that the combine should not hull 
the beans but rather strip the capsules from the ' racemes for later 
hulling by a more specialized machine, -possibly in a central plant. 
The hulling operation has been mechanized by the development of 
at least two different hullers (i., 4, 5) which do the job efficiently on. 
dry seeds of uniform type. 

SUMMARY 

1. Experimental plantings at 73 locations in 1941, 60 in 1942, .and 
34 in 1943, along with seed-increase fields in the same years, furnished 
information -on adaptation of the castor bean plant to conditions 
in most of the southern' half of the United States and points as far 
north as Minnesota. Most of the tests also compared treatments 
such as varieties, .rates- of planting, dates of planting, fertilizers, and 
other cultural methods. 

2. The main region of adaptation is detemiined by at least three 
major factors, wb., disease, length of growing season, and rainfall. 
Only^ one disease, gray mold, Sclerotinia ricini Godfrey, has been 
definitely found to be important in this respect. In most of the 
Gulf Coastal region this fungus, which is quite specific as to host, 
has frequently caused severe loss by destroying the inflorescence in 
all stages of ^development. The only effective control measure known 
is the planting of mold-free seed in areas where climatic conditions 
are not favorable to^ the disease. This eliminates a sizeable area of 
the Gulf Coastal region from the area of adaptation. 
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,, The lengtli' of growing season is an important factor since this 
plant coiitinties to produce and ripen racemes until damaged by frost. 
Yields of the three common varieties, Conner, Doughty ii, and Ken- 
tucky 38, have, in general, been good in areas with growing seasons 
of at least i8o days, while production was hazardous in areas with 
shorter growing seasons. Current breeding programs, howwer, are 
producing earlier varieties which will permit extending production- 
into areas with shorter seasons. 

Observations in Kansas, Oklahoma, and Texas indicate that be- 
tween 15 and 20 inches of rainfall during the months from April to 
September are essential to satisfactory yields. Excellent yields were 
obtained under irrigation in the lower Rio Grande Valley in Texas 
and in New Mexico, Arizona, and southern California, but at present 
this species cannot compete with high-value crops on much of the 
irrigated land of that area. 

These three factors outline an area of adaptation for the present 
varieties which includes, roughly, the southeastern half of Kansas, 
Missouri, the southern third of Illinois, southern Indiana, the soutli- 
• ern tip of Ohio, the western and central . parts of Kentucky and 
Tennessee, Arkansas, all of Oklahoma, except the pan-handle, and 
the part of Texas north of Dallas and east of Lubbock and the part ■ 
within a radius of about 50 miles of Corpus Christi. 

Within the general area outlined above are soils of different 
suitability for castor beans. The three main characteristics of a soil 
satisfactory for this crop are (a) exceptionally good surface and under- 
drainage, (b) sufficient subsoil permeability to insure the adequate , 
movement of air and water and the growth of roots, and (c) the 
capacity^to warm up readily in the spring. Some of the larger general 
sections in which at least half of the land is of soil types and phases 
suitable for castor beans are listed. 

3. The number of strains tested at one or more locations each year 
was reduced from 44 in 1941 to 3 in 1943. The selection of types for 
consideration was based largely on yield, purity, and raceme size. 
Conner, Doughty ii, and Kentucky 38 were the varieties studied 
most critically. Conner was most often the top yielder. Kentucky 38 
is a shorter and earlier variety, but it has smaller racemes and 
exhibited a tendency to lodge and shatter under certain conditions. 
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THE EFFECT OF FERTILIZER ON STAND AND YIELD OF 
KtJDZU ON DEPLETED SOILS* 

E. C. Richardson^ 

E xtensive plantings of kudzu have been made on depleted 
soils throughout the southeastern part of the United States. 
Some areas, particularly in the Piedmont and Limestone valleys 
where kudzu has been planted, are so severely eroded that native 
vegetation is almost nonexistent. On other areas with less severe 
erosion, native vegetation offers some protection against erosion, 
but it competes with the kudp plants and delays coverage. 

At the beginning of the pil conservation program in 1935 there 
was little information available on the fertilizer requirements of 
kudzu under conditions mentioned above; therefore, some experi- 
ments were conducted to determine the response of kudzu to appli- 
cations of various fertilizers, including lime, phosphate, and potash 
on depleted soils. The results of some of these studies are reported 
herein. 


EXPERIMENTAL 

Areas were selected in 1937 on which the kudzu had been set in the spring of 
1935 with very little soil preparation or cultivation, and without fertilizer When 

possible, plots were laid out in duplicate. 

Green-weight yields in all tests were obtained in September of each vear by 
cutting one or more areas loXlo feet in each plot. After yield records were oh- 
tamed, the kudzu on the remainder of the area was harvested for hay, 

STUDIES WITH APPLICATIONS OF PHOSPHORUS, POTASH, AND LIME 

In the spring of 1937 sweral kudzu areas in the soil conservation demonstra- 
tion project m the lower Piedmont area near Dadeville, Ala., were selected for 
preliminary fertilizer studies. The fertilizer treatments used on each of these areas 
were, (i) no fertilizer, (2) boo pounds of approximately 8% basic slag, (3) iso 

300 pounds of triple superphosphate, 
(5)3 d |y>unds of triple superphosphate plus i ton of doloniitic limestone per 
acre, fhese fertilizer treatments were used with and without cultivation The 
data trom these experiments are not reported, but they showed that kudzu 
responded to applications of phosphate. Cultivation was of value in reraovine 
competing vegetation m the early stage of growth. ^ 

In 1938 and 1939 the stupes were enlarged to include three sources of phos- 
phate, m., approximately 8% basic slag, 16% superphosphate, and 43% triple 
superphosphate. Phosphatic fertilizers were applied separately and in com- 
binations with hme and potash. Rates of applications were 800 and 1,600 pounds 
of approximately 8% basic slag, 400 and 800 pounds of 16% superphosphate 
and 150 and 300 pounds of 43% triple superphosphate per acre. All of the fertili- 
ty begmning of the experiment and none was added during 

the penod^of observation. Outline of fertilizer treatments and arrangement of 
plots are shown in Table i. Th^e experiments were conducted in the Piedmont 

^s^ i^^?gt Sc^^sr"' 

AlaWTOristirdy w^^ 

^ rnmWt Received for publication April 19,^194^. 

Supervisor. Acknowledgment is made to J. W. McClendon Awistant 
m^Agronomy, and Dr.p W. Volk, Soil Chemist, of the Alabama AgricXral 
SS!?” w Station staff, for ass^tance with the chemical analysis and^the inter- 
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Table i. — OtiiUne oj fertiUzer treatments and arrangefnenl of plots for an individuai 

replication.* 


Sub-plot I 

Sub-plot 2 1 

i 

1 Sub-plot 5 

1 

0 

i 0 1 

0 

L 

: L . 1 

L 

K 

1 K I 

K 

KL 

KL 

KL 

B 

1 S 1 

T 

TL 

BL ■ ! 

SL 

SK 

TK 

BK 

BKL ! 

SKL ! 

TKL 

2T i 

2B 

2S 

2SL 

2TL 

2BL 

2BK 

2SK 

2TK 

2TKL 

2BKL 

2SKL 


^Materials and amounts applied per acre are as follows; B = 800 pounds of approximately 8% 
basic slag, S « 400 pounds of 16% superphosphate; T ~ 150 pounds of 43% triple superphosphate; 
2B = 1,600 pounds of approximately 8% basic slag; 2S == 800 pounds of 16% superphosphate; 
2T ~ 300 pounds of 43% triple superphosphate; L = 2,000 pounds of lime; IC ;= 100 pounds of 
muriate of potash per acre. The sub-plots were 22 X 57 feet and were systematically arranged as 
showm above. Treatments were replicated two to four times at each location. Fertiliser treatments 
■were applied broadcast at the beginning of the experiment, and none was added during the period 
of observation. 

RESULTS 

Kudzu responded more to phosphate than to the other fertilizers 
applied in these tests (Tables 2 and 3). Phosphate was essential for 
the development of satisfactory wStands and cover of hudzu on de- 
pleted soils. The analysis of variance shows that the t-hree sources of 
phosphorus (basic slag, superphosphate, and triple vSiiperphosphate) 
when used at a rate to supply the same amount of phosphorus did 

Table 2. —Effect of the application of various sources of pJwspkMe on kudsu in 
yields in pounds per acre greejiweight * 


Sources of phosphate 


treatnientf 

None 

Basic slag 

Superphospliate 

Triple super- 
phosphate 

O' ' 

L 

K 

KL 

6,114 

6,033 

6,191 

7,925 




.Pi , 

— - 

11,018 

10,175 

9443 

PiL 

— 

11,666 

i 0,547 ■ 

11,665 , 

PiK 

! 

11,179 i 

12,020 

ii,86f 

PiKL 

' . . 

12,243 j 

. 12,039 

h:.831 

P2 

—— 

12,585 

12,096 

1 1,844 

PiL 

— ^ 

12,556 

IL 733 

12,180 

PsK ■■ ' . 


12,534 

12,239 

12,340 

,^p2KL. 

, . — , 

12,247. 

1:2,762 

12,618 

Average 

6,566 

12,004 

■ 11,701: 

11,723 


^Average of yields from ICemodle, Beeland. Poole, Maharg, and m'oodruff areas. 
tL.ss .1 'ton of .dolomitic limestone per acre; K =» lOo pounds of muriate of potash so%.KaO. per 
acre; Pi — 800 pounds of basic slag, 400 pounds of 16% superphosphate, or 150 pounds of 43% 
A® superphosphate per acre; P* = x,6oo pounds of basic slag, 800 pounds of 16% superphos- 
phate, or 300 pounds of 43% triple superphosphate per acre. 
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not differ in their effects; therefore, results from the various ^^sources 
are averaged in Table 3. Yields from the different areas varied, yet 
differences as a, result of treatment are consistent and highly signifi- 
cant (Tables 3 and 4). The double phosphate application increased 
the yield significantly over the single application (Table 5). 


Table ^.—Kudzu yields hy farms and treatments, pounds per acre greenweight. 


Ferti- 

lizer 

treat- 

ment* 

J. A. Ker- 
iiodle, 
Dadevilie, 
Ala., ! 

“ 1938-41 ^ 

4-year aver- 
age 

Cecil soil 

Beeland 
Farm, 
Greenville, 
Ala., 1939 
and 1940 

2 -year aver- 
age 

Akron soil 

R. E. Poole, 
Greenville, 
Ala., 1939, 
1941, and 
1942, 

3-year aver- 
age 

Ruston soil 

S. T. Ma- 
harg, ^ 
Alexandria, 
Ala., 1940 
and 1941, 

2 -year aver- 
age 

Baxter soil 

Woodruff 

area, 

Alexandria, 
Ala., 1939 
and 1941, 
2-year aver- , 
age 

Decatur soil 

0 

5,991 

6,251 

3,721 

8,403 

6,570 

L 

5.170 

7,667 

3,350 

10,563 

6,004 

K 

5,473 

7,587 

3,260 

10,944 

5.848 

KL 

7,069 

9,039 

4,846 

11,798 

9,442 

Pi 

9,252 

11,079 

8,592 

12,052 

' 12,966 

P:i.L 

10,288 

12,716 

9,202 

13,867 

13,402 

Pi.K 

10,359 

13,939 

9,384 

15,645 

,13,086 

PiKL 

i 10,597 

15,221 

9,6i6 

16,934 

12,142 

P2 

10,688 

15,282 

9,384 

16,026 

13,957 

P2L 

10,906 

16,498 

8,850 

15,173 

13,104 

P.K 

11,345 

16,128 

9,692 

14,829 

12,941 

P2KL 

1^,542 

16,179 

ro,oo8 

14,683 

13,304 


— I ton of dolomitic limestone per acre; K = lOO pounds of muriate of potash $ 0 % EhO 
per acre; Pi = 800 pounds of approximately 8% basic slag, 400 pounds of 16% superphosphate, or 
ISO pounds of 43% triple superphosphate per acre; Pi = 1,600 pounds of approximately 8% basic 
slag, 800 pounds of 16% superphosphate, or 300 pounds of 43% triple superphosphate per acre. 
Yields from different sources of phosphate are combined in this table. Average of 13 kudzu crops 
on farms listed above. 

Kernodle’s farm is located in the lower Piedmont, 4 miles west of Camp Hill, Ala. Beeland’s 
and Poole’s farms are located in the lower Coastal Plain, s miles east of Greenville, Ala. Maharg 
and Woodruff farms are located in the Limestone valleys, 8 miles north of Anniston, Ala. 


Table 4. — Analysis of variance of kudzu data, tons per acre greenweight. 


Sources of variation 

Degrees of 
freedom : 

Sum of 
squares 

h'lean 

square 

Trials (famis and replica,tions) 

31 

3,187.93 

102.84** 

Treatments 

II 

1,914.76 

174.07** 

Sources of -phosphoms 

Interaction of treatments and phosphorus ■ 

2 

3-64 

1.8,2 

sources. ,. 

Error (inconsistency of results for different 

14 

23.32 

1..67 

trials) 

1,093 

2,224,04 

I ■ 2.03 

Total . . ...... . . . 

1,151 

7,353.69 



'*'"'*^Highly significant, i% level. 


There was some increase in yields as a result of applying lime and 
potash; however, the application of these materials did not con- 
sistently.. result dn, increased yields,' When- applied alone neither lime 
nor potash .produced a significant .increase in yield. When lime and 
potash' were applied in .combination -but without phosphate, there 
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Table 5. — Mean kudmi yields according to treatments ^ pounds per acre greenweighi. 


Rate of pliosplioriis 


Lime and potash' 



None 

vSingie 

Double 

None 1 

6,114 

6,033 

6,191 

7,925 

10,212 
11,292 ! 

11,686 1 
12,038 ; 

1 2 ., 1 75 
i 12,156 

Lime ! 

Potash ■ 

i ' 12,371 
^ 12,543 

Lime and potash. 


Mitiimum. difference required for signilicance, at 5% level 806 lbs.; at 1% level 1,063 lbs. 


was an increase in yield. From Table i, it may be observed that the 
potash-lime treatment always occurred adjacent to the single phos- 
phate treatment. Kudzu runners originating from plants located in 
the areas treated with phosphate overran to some extent the potash- 
lime plots which accounts for a part of the increase obtained from 
the potash-lime treatment. 

When potash and lime were applied with the single application, of 
phosphorus, higher yields were obtained. This was not true when 
applied with the double rate of phosphorus (Table 5), 

Parker and Tidmore'^ found that an application of lime to acid soils 
increased the phosphorus in the soil solution. vSalter and Barnes'^ 
found that moderate applications of lime I'esulted in increased crop 
yields. Therefore, the application of a ton of li.me with the^ single 
application of phosphate probably increased the amount of avail- 
able phosphorus which resulted in .increased kitdzii yields. The 
double application of phosphorus was probably sufficient to meet the 
requirements of the kudzu. without the application of lime utider the 
conditions of these tests. 


EFFECT OF DIFFERENT RATES OF BASIC SLAG AND CULTIVATION 
ON YIELD OF KUDZU 

Kudzu was planted on. an area of severely eroded Madison clay 
soil .ill 1935. The area was located on Ed. Hill’s farm near Camp 
Hill, Ala. Rows were spaced approximately 1,2 feet apart with plants 
spaced in the drill so as to give 1,000 crowns per acre. In March 
1939 basic slag was applied at the rate of 400, 800, and 1,600 pounds 
per. acre., In this stu%, basic slag was applied with no cultivation, 
partial cultivation, and complete cultivation. Partial cultivation 
consisted of plowing a strip approximatety 4 feet wide along each 
side of ^ the kudzu row. Complete cultivation consisted of plowing 
the entire area except a narrow strip along the kudzu row. 

In all cases the fertilizer was broadcast at the beginning of the ex- 
periment, and none was added during the period of observation. The 
results are shown in Table 6. 


^Parker, F. W., and Tidmore, J. W. The iniiiience of lime and phospliate 
fertilizer on the phosphorus content of the soil solution and of soil extract. Soil 
ScL, 2i;425~*44i, 1925. 

^Salter, Robert M., and Barnes, E. E. The efficieiicv of soil and fertilizer 
phosphorus as affected by soil reaction. Ohio Agr. Exp. Stai 1935. 
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Table 6.— The effect of various rates of basic slug and cultural treatments on the 
greenweight yield of kudzu in pounds per acre * 


Yields from basic slag applications 


Ctiltural 


treatmen,t 

None 

400-lb. rate 

800-lb. rate 

1, 60'0-lb. rate 

No cultivation. .......... 

U 744 

2,652 

10,079 

14,388 

Partial cultivation 

2,725 

3,670 

11,990 

16,641 

Complete cultivation . . 

U 744 

3,125 

; 11,336 

14,679 


*Tliree-5J'ear average 5deld, 1940-42, Ed. _ Hill area, Camp Hill, Ala. The soil was Madison cla^’' 
located in the lower Piedmont. Partial cultivation consisted of a strip approximately 4 feet wide 
along each side of the kudzu row plowed deep. Complete cultivation consisted of plowing the 'entire 
area except a narrow area along the kudzu row. 


Tlie results show that the 400-pound rate of basic slag was inade- 
quate for the maximum growth of kudzu. Yields from the 8oo-pound 
rate approached that of the 1,600-pound rate; however, the higher 
rate maintained the production longer than- did the lower rate. 
Cultivation was of little value other than for the destruction of weeds. 

EFFECT OF FERTILIZER APPLICATIONS ON PHOSPHORUS AND 
CALCIUM CONTENT OP KUDZU HAY 

, The hay from the J. A. Kernodle farm was used for these tests. 
The fertilizer was surface applied to the kudzu in the spring of 1938. 
In September 1938 when yield determinations were being made, 
kudzu samples ^were collected from each plot. Additional samples 
were collected in the fall of 1941, 4 years, after the fertilizer was 
applied. Calcium and phosphorus determinations: were made on the 
kudzu samples by staff members '.of- the Alabama Agricultural 
Experiment Station. Lime applications increased the calcium content 
of kudzu hay only slightly, while' phosphate, applications definitely 
increased the phosphorus content (Table- 7). Hay from kudzu fer- 
tilized with 1,600 pounds of slag per'acre contained a higher percent- 
age of phosphorus than that from., kudzu fertilized with 800 pounds 
of slag per ^ acre. The percentage ' of ' both calcium and phosphorus 
was higher in the 1941 samples than in tho.se .collected in. 1938^. 

. Both lime and phosphate fertilizer were '.surface applied in 1938, 
and sufficient time had elapsed for it. to enter the surface of the soil 
where the kudzu could utilize the fertilizer by 1941. The accumulated 
mulch con-seryed moisture and -doubtless -'aided the kudzu in surface 
feeding, particularly during rainy periods -in ' summer. Also, the root 
system of the kudzu plant had increased, in size and was feeding in a 
larger zone; therefore, it: was possible' for the plant to draw more 
calcium and phosphorus from the soil in 1941 than in 1938 even 011 
untreated plots. 

The total am.ount of phosphorus removed by. kudzu from the soil 
in 1941 varied according to treatment. Kudzu which received no 
phosphate, removed approximately " d.'so ^O-^nds of-. .P2G.S, or an 
equivalent of 4D pounds of 16% superphosphate. -Kudzu which 
was fertilized with. 1,600 pounds, of slag per ac-re removed approxi- 
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^ Table t ,— Percentage of calcium and phosphorus- in ktidzu huy as affected by 
' various fertiUzers,. 



Calcium, % 

- Phospliorus, % 

Aiuotuii of per 

Fertilizer 





acre ren"io\''ed from 

treatincni* 





. 

soil bv kudzu in 1941, 

. 

1938 

1941 

1938 

1941 

Ib-s. 

■ 0 

1.53 

1.63 

0.080 

0..I50 

6.85 

L 

i.6o 

1.62 

0.073 

0.141 

6.35 

K 

i .29 

1-74 

0.07s 

0,134 

6.2 1 

KL 

1.22 

1.70 

0.079 ■ 

0.132 

7-27 

Pi 

1.37 

1.60 

0.092 

0.164 

1 '^2.54 ■ 

PiL 1 

1.40 

I i.6i 

0.104 1 

^ 0.1-75 ! 

i , 15.48 

P.Iv 

1.29 

1.46 

0.108 1 

1 0,167 

i 17-27 

PiKL 

L35 

1 .60 

0.106 

1 0.165 ; 

i 55-69 

P2 

; 1.42 

i.45 

O.IIO 

0.223 

t 22.54 

.P2L 

L37 

1.65 

’ 0.107 

■ 0.223 

1 23.37 

P.K ! 

L37 

1.37 

j 0.109 

0.241 

! 26.89 

P2KL 1 

^ L37 

1.78 

1 0.103 

0.248 

1 26.68 


= I ton of dolomitic limestone per acre; K f= lOO poimds of muriate of potash $0% KjO pei* 
acre; Pi = Soo pounds of approximately 8% basic slag, 400 pounds of i6^p superphosphate, or 
ISO pounds of 43% triple superphosphate per acre Pi ~ 1,600 p«:>unds of basic slag, 800 pounds of 
16% superphosphate, or 300 pounds of 43% triple superphosphate. Determinatsons were made 
by members of the Alabama Agricultural Experiment Station staff. 

mately 24 pounds of P2O5, or an equivalent of 150 pounds of 16% 
superphosphate per acre in 1941. This increase was due to a higher 
percentage- of phosphorus and also .to a higher yield per acre. 

OBvSERVATION 

- On severely eroded land kitdzu on the unfertilized plots made poor 
growth (Fig.. .1). Many of the .crowns formed were weak and poorly 
anchored due to unfavorable growing. conditions. Alternate freezing 
and thawing followed by rain and erosion exposed many of the new 
erowms and a portion of the root system. As a result of this exposure, a 
large percentage of the new plants were winterkilled and new growth 
started from the parent plant each year. This process of growing out 
and dying back continued until the dead vines and lea^’es formed a 
surface mulch. The mulch conseiwed moisture by reducing run-oit 
and evaporation and protected the n:ew crowns against winter injury. 
Applications of phosphate stimulated the growth of kudzu and 
hastened the development of a complete stand 2). 

Where the degree of erosion was not severe, other vegetation 
competed with kudzu for moisture and held the vines off the ground. 
This prevented contact of kudzu vines with the- soil, which restricted 
crown. .fO'rm.ation and delayed -coverage until the vines from original 
cpwns were sufficiently vigorous to smother the competing vegeta- 
tion.^ Fertilizer applications without. eultivation stimulated the kudzu, 
but it also stimulated the competing vegetation. Largely because of 
competition from weeds, one or two years often were required to 
develop a complete stand after phosphate was applied. After kudzu 
overcame the competing vegetation, development was usually rapid. 
Fertilization, together with sufficient cultivation to eradicate weeds 
resulted in rapid coverage. ' ' 
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Fig, 2. — Kudzu planted on severely eroded Madison clay soil in 1935. No fertilizer 
was applied at planting time. In 1939 basic slag was broadcast "at the rate of 
1,600 pounds per acre. No fertilizer has been applied since. The average yield 
of hay in the years of 1940 to 1942, inclusive, was 2 }i tons per acre. Photograph 
was made August 25, 1942. ■ 


Before cutting or grazing kudzu every effort was made in all sub- 
sequent work to establish a thick stand of vigorous crowns. The appli- 
cation of adequate amounts of phosphate at planting time, together 
with clean cultivation for control of weeds, usually resulted in good 
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stands of crowns by the third year. When this stage of development 
was reached, a broadcast application- of 400 to 800 pounds of super- 
phosphate per acre, or its equivalent, developed the kiidzu plants 
into 'Ml production by the end of the first or second growing season 
after the application. This 'application maintained satisfactory 
production over a period of 3 to 5 years. 

CONCLUSIONS 

The results obtained from experiments on the fertilization of kiidzii 
lead to the following conclusions: 

1. Addition of phosphate was essential for the establislimerit of 
satisfactory stands of kudzu on depleted soils. A rate of 400 to 800 
pounds of superphosphate, or its equivalent-, was needed for inaximum 
yield. 

2. Lime or potash, applied singly, without phosphate, had no 
significant effect on kudzu yield. However, wdien these two nutrients 
were applied together, or when they were used as, a supplement to 
400 pounds of superphosphate, increased yields were obtained. 

3. The percentage of phosphorus in kudzu hay was increased by 
the addition of phosphate fertilizer. This effect was greater the third 
year after fertilization than it was the first year. Tlie percentage of 
calcium in kudzu was not greatly affected fertilization. 

4. Cultivation was of value to eliminate competing vegetatio,n 
during the early stages of the growth of the kudzu, but was of no value 
on well-established kudzu. 



SEMMAL ROOT MUMBER M CULTIVATED BARLEY^ 
Merritt N. Pope^ . 

S EMINAL roots are those that appear daring germination. Their 
primordia are present in the mature seed. They are also called, 
'‘temporary roots” in contrast with the “permanent” ones^ which^ 
under favorable conditions, appear later at the crown and lower 
nodes. Under very unfavorable conditions, the seminal roots may 
be the only ones that ever become functional. Locke and Clark, (3)^ 
reported such a condition in wheat where a plant with nine culms 
was nourished entirely through the seminal roots. 

In the cereals, the number of seminal roots varies greatly. Rice, 
sorghum, and proso have but one (8) and oats three. In the other 
common cereals, the number is variable, rye having “over 3”, and 
Robbins (7) gives five to eight as the number in wheat and barley. 
In corn, Wiggans (9) found maxima of “over 8” in the dent and 7 in 
the flint and sweet varieties. Furthermore, Mangelsdorf and Goodsell 
(5) found that the number from kernels from the same ear were signifi- 
cantly peculiar to that ear, though those kernels from the butt gave 
the greatest number and those from the tip, the least. 

In wheat, McCall (4) suggested that a maximum of 9 roots in the 
subcrown region of the plant may develop under optimum conditions. 
Three of these may arise above the point of attachment of the 
coleoptile and are regarded by him as adventitious, i.e., not present 
in the mature embryo. 

Since Merry (6) found the unusually high number of 9 in the barley 
variety Alpha, it seemed 'worthwhile to measure the variability in 
seminal root number in barley as w^'ell as some of the factors influenc- 
ing their number. 

MATERIALS AND METHODS 

Pure lines of representative barley varieties to the number of 73 were selected 
to provide a wide range of types, including differences in density of spike, seed 
color, size of seed, adherence of hull, and character of lemma tip. All four species 
as given by Harlan (2) as well as Hordeum irregulate E. Aberg and Wiebe (i) 
were represented. In addition, one sample of the wild species Hordetwi spontaneum 
C. Koch and one six-rowed natural tetraploid were used. The varieties of the 
species H. distichon L., H. intermedium, and H. vulgar e L. originally came from 
various widely separated regions and show wide differences in botanical characters 
and environmental response. The H. deficiens Steud. and FI, irregulars varieties, 
however, probably all originated in Ethiopia, and, wdiile they vary considerably 
in certain characteristics, they are markedly alike in many others’ 

The seed of the 73 varieties tested was produced in 1941 at Sacaton, Ariz., 
under very favorable conditions and the samples were almost uniformly good. 
In addition, 32 bulk samples of malting barley were obtained from Dr. J. G-. 
Dickson of this Division from Madison, Wis. They comprised a group of 12 
varieties, two of which had been grown at three places over a period of 3 years, 
two at one location for 3 years, and the remainder in single plantings. These were 

Contribution from the Division of Cereal Crops and Diseases, Bureau of 
Plany Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. S. Dept, of Agriculture. ■ Received for publication April 21, 
1945 - 

^Agronomist. 

^Figures in parenthesis refer to ‘'Literature Cited”, p. 778,. 
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tested to determine the eifect of environment and for possible relationsliips of 
seminal root development to malting quality. 

Ten to IS central kernels. of each variety selected for unifojmity of appearan<?e 
were germinated on wet filter paper in petri dishes for 8 to la dav's at j 5° C (69® P)^ 
constant temperature, Nonviable seeds or those notiixaibly weak in germination 
were rejected. For the study of the effect' of stage of maturit)' on seminal root 
imm])er*, spikes of greenhouse-g-rown Manchuria barley harvested at daily inter- 
vals after liaiul pollination were used. ■ ■ ■ _ 

In c-eriain seed lots results were- checked microscopically in remnant luigernii- 
nated seeds by counting the roots in embryo sections after staining with liaenia- 
tosylin and safranin. 

EXPERIMENTAL RESULTS 

SEMINAL ROOT' NUMBER IN SPECIES AND VARIETIES OF BARLEY 

The variation in number of seminal roots (Table i) within a 
variety was veiw small. The primary and first two pairs wre of ah 
most iiniversal occurrence and where more -were found in a varietjy 
those in excess of five varied considerably in point of origin. This 
condition resulted in a smaller variation in seminal root number in 
varieties showi.iig‘ a low number, i.e., five to. seven roots. For example, 
the six inkmneddtmt varieties varied in average number from 5.6 to 7.7 
with, a group average of 6.47, while the range of variation in any indi- 
vidual variety wvis but i root. Likewise, the vulgare sorts ranged 
from 5.4 to 7.7 seminal roots with an average for tlie group of 6.39. 
Here there was no variation iri two varieties and in 17, each had a 
range of i root. On the other hand, the irregulare group had the 
highest number, averaging.,7,61 roots, where one variety did not vary, 
four had a range of variation of i root each, and six a range of 2 roots 
each. Ill this group, the average range of variation was 1.45 roots for 
each variety. In the distichons the va.riety average ranged from 5.6 
to'- '8.9 seminal roots, a wide-range probably associated with the 
diversity of their varietal origins. Here the eight varieties that had a 
range of variation of i seminal root averaged 7.18 roots, while the six 
varieties with a range of 2, averaged 7.83 seminal roots. The one 


Table, i . — Number of seminal roots in species and varieties of barley. 


Species 

Varie- 
ties 
tested, 
No. ■ 

Semi- 

Hcll 

roots, 

av. 

No. 

H. deficiens 

■ ■ ■ .| 

7.27 

If. irregulare 

II 

7.61 

if, disticlion 

14 

7.40 

IL intermedium .... 

6 

6,47 

if. vulgar e 

19 

6.39 

if. spontanemn .... 

I 

47 

Natural teti'a|>loid, 



fj. vulgar e ...... 

i 

6.8 


^ .j , Average number 
Number of vaiieties with of roots in. varie- 
. intravarietal range of ties within the 

group 




' "'O' 

42 . 1 




. 0 

0 

P 

3 

0. 

0 

0 1 
0 i 

< 1 

T S 

U g 

\ c 


1 fr-i 


U . ! 



wi ^ ) 

Ct 5 

'C 

M 

« 

CO i 

id ■ 

; ^ e 


P 4 

.2 ■■ 

9 

9 

■ . I 

143 

i 6.7 1 

8.2 

1.5 

I 

4 

6 


1,45 

! 6.8 - 

8.3 

1.5 

- 

8 

6 

~ 

L 43 

5.6 

8.9 

3*3 

. — 

6 

- 

- 

i.oo 

5.6 

77 

2.1 


17 



0.89 

54 

7.5 , 

2,i 


I 


1 

— 1 

j 



— 


i 

I 


— 1 

— 

— 



POPE : SEMINAL ROOT NUMBER IN BARLEY -7 73 

variety of H. spontaneum witli 4.7 as the average number of roots, per 
seed had a range of but i root in the 1 2 seeds germinated. 

The maximum average number of 8.9 seminal roots was found in 
two varieties, viz,, White Smyrna (from Asia Minor) and 

Alpha. The latter' is a segregate from a cross between the six-rowed 
variety Manchuria and Champion of Vermont, a two-rowed sort 
which came from Germany. Both parental varieties were among 
the 73 tested, Manchuria showing 6.8 roots and Champion of Vermont 
6.7 seminal roots. However, these pure lines were probably not the 
ones used as parents of Alpha. Since this variety is many generations 
removed from the cross, the high root number is not a result of 
hybrid vigor such as that reported by Mangelsdorf and Goodsell (5) 
who found that during five generations of selfing in four strains of 
corn the seminal root number was consistently and progressively 
reduced. In six other varieties in the list that were of hybrid origin, 
the seminal root numbers were not noticeably high. 

No relation is apparent in the data between seminal root number 
and the characters density of spike, color of seed, adherence of 
lemma, or character of lemma tip. 

A doubled chromosome number as exhibited in a six-rowed natural 
tetraploid was not associated with an increase in seminal root num- 
ber. This variety had 6.8 roots which is well within the range of the 
vulgare group., which has an average of 6.39 seminal roots. As an 
additional check on varietal differences, 42 of the above 73 pure lines 
were grown in the greenhouse at Beltsville, Md., in the winter of 
1943-44 and the seeds produced were germinated and their roots 
counted. These numbers were then compared with those obtained 
from the parental material. A seminal root number higher in all 
except 3 of the 42 lines was obtained from the seed grown in the 
greenhouse as compared with the same lines grown in the field at 
Sacaton. The highly significant correlation coefficient of +.773 
obtained between the counts of the two sets shows clearly that' 
seminal root number is a varietal character. , 

RELATION BETWEEN NUMBER OP SEMINAL ROOTS AND AREA 
OP ABSORPTIVE SURFACE OF SCUTELLUM 

The scutella of different varieties vary considerably in area. Since 
it is the feeding organ of the embryo, a large scutellum might be - 
expected to , be associated with ’a more fully 'developed embryo. 
.The under, or absorptive surface .area of the scutellum was measured 
approximately in eight varieties of barley by soaking five seeds of ' 
each, . .peelingnut the germs,, and outlining, each scutellum on paper of , 
uniform thickness by means of the camera lucida at a magnification 
of. 20X. These outlines were then cut out and the papers weighed. 
The average area in square millimeters for each variety was then 
computed from the weight of a measured area of the paper. This 
calculated area is slightly less than the actual area because the ab- 
sorptive surface of the scuteUum is. not fiat but forms a “bulge” 
that extends into the endosperm. The bulge is not the same for all 
varieties, but the error introduced by this fact is believed not to be 
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large. In Table 2 are given the seminal root number, the area of. the 
.absorptive surface of the scutellum, and the depth of the “bulge'' of 
each variety. 

An insignificant negative correlation bet%veen seminal root number 
and absorptive area of the scutellum- was found, r being -.287. 


Tabl'E 2. —Seminal roots and computed scutellar areas in eight varieties of barley. 


Variety 

0 * 

Average 
No. of 1 
seminal I 
roots 

Approximate area | 
under side of 
' scutellum, i 

sq. mm.. 1 

1 

Scutellum, 

bulge 

Alpha 

959 

8.9 i 

6.426 

Medium 

Primus 

2268 

8.1 i 

9.229 

Distinct and large 

Bethges Victoria .... 

6616 

6.9 

8.367 

Very slight 

Hannchen 

531 

7-9 

7.720 

Evenly rounded 

Intermedium 

6029 

7.7 

12.489 

Very slight 

Manchuria 

2330 

6.8 

8.133 

Ve,ry slight 

Wisconsin Barbless. . 

5105 

1 6.8 

6.190 

Nearly absent 

Natural tetraploid. . . 

6123 

! 6.8 

9.889 

Nearly absent 


’^Accession number of Division of Cereal Crops and Diseases. 


EFFECT OF LENGTH OF FRUITING PERIOD AND OF SEED WEIGHT 
BETWEEN VARIETIES 

As .will be seen later, in a single variety, seed, harvested before 
.maturity evidences its immaturity by reduced seed weight as well as 
by a smaller number of seminal roots. Since barley varieties vary 
considerably in length of fruiting period and in seed weight, the rela- 
tion, between these two characters and seminal root number was 
studied. The relation between length of fruiting period and the 
number of seminal roots was tested in a comparison involving 35 
varieties. Seeds were planted four to a pot in the greenhouse in the 
fall of 1943 and four spikes in' each pot tagged at awn emergence, 
or, in the case of hooded, awnless, or short-awned varieties when the 
boot leaf spread far enough to make the spike visible. The date when 
the awns or lemma tips had lost all chlorophyl also was recorded and 
the average period between the two dates taken for the growth period 
of the seed' of the, variety. Correlation coefficients were then cal- 
culated between number of seminal roots and the length of develop- 
mental period. While the mlgare varieties s,howed a significant cor- 
relation, the results, as. 'a, whole, were inconclusive. (Table, 3). 

Since a' variety with larger seeds might be expected to bear larger, 
better ' . developed -embryos,.' the weights of plump, weli-matured 
seeds from' 26 'Vulgare 'and Mstichon varieties, all grown in 1941 at 
Sacaton, Ariz., were correlated with the number of seminal roots. 
Here again the results are inconclusive (Table 3), since the vulgare 
varieties gave a negative correlation, which, combined with a signifi- 
cance of P ~ .05 in the positive correlation shown by the distichon 
gave a seemingly significant correlation for both groups. The varie- 
ties studied varied greatly in point of origin and genetic content and, 
if correlations existed between seminal root number and these two 
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Table Correlation of seminal root number with other characters. 


Character 

Num- 

ber 

of. 

varie- 

ties 

Character of population 

Corre- 
lation 
with 
semi- 
nal root 
num- 
ber (r) 

, Level 
of 

signi- 

ficance 

Absorptive area of scu- 


Widely different as to species 



tellitm 

8 

and sources of origin 

00 

r 

None 

Length of developnien- 

14 

II. Vulgare 

.628 

P -.02 

tal period 

12 

H. distichon 

.170 

None 


9 

H. intermedium., deficiens, and 





irregulare 

.421 

None 


35 

Total 

.297 

None 

Weight of seed 

13 

H. vulgare 

-.163 

None 


13 

H. distichon 

•577 

P =.05 


26 

Total 

.460 

P =.02 

Weight of seed 

I 

Wisconsin Barbless (9 samples) 

.776 

P =.02 



grown for 3 years at three 





places 



Diastatic power 

12 

Malting barleys (30 samples) 

.082 

None 


i 

Wisconsin Barbless (8 samples) 

“.243 

None 

Wort nitrogen 

12 

Malting barleys (30 samples) 

•305 

None 


I 

Wisconsin Barbless (8 samples) 

-375 

None 


characters, they seemingly should appear, or, at least, the results 
should be consistent. Notwithstanding the small number of varieties 
studied it would appear, therefore, that in well-matured barley seeds, 
the seminal root number is not associated with either the length of 
developmental period or the kernel weight of the different varieties. 

RELATION OF STAGE OF MATURITY AT HARVEST TO NUMBER OF 
SEMINAL ROOTS 

In the greenhouse during the winter of 1942-43, a series of spikes 
of Manchuria barley (C.I. 2330) was harvested daily, beginning 3 
days after hand-pollination and continuing until growth of the seeds 
was completed. Three of the best-developed seeds from each spike 
were saved for microscopic examination and the remainder were 
germinated for 15 or 16 days at 10° C. 

In Table 4, it is seen that the youngest seed to show evidence of 
viability occurred in spike No. 2 of the nth day sample where, out 
of 15 seeds tested, 6 germinated with a maximum of 3 roots. How- 
ever, only one seedling was alive at the end of the test. In subsequent 
samples the number of seminal roots increased with age to a maxi- 
mum of 6 or 7 Rt 26 days after pollination. Spikes that showed in- 
creases in root number over the previous day’s samples were noted 
and the three seeds from each that ^d been reserved were sectioned 
and the number of roots counted in each. In the lo-day samples. 
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3, I, and 2 roots, respectively were found in the three seeds from 
spike No. i, while only the primary' root was found in those from 
spike No. 2. vSimilaiiy only i root ivas present in each of the seeds 
from spike one of the ii-day sample. As has been noted, spike No. 2 
of the IT -day sample showed some germination aiid^ the sections 
showed 3 roots in each of the three seeds examined. This would indi- 
cate that 3 is the minimum number of seminal roots necessar}?' for 
germination and that they should be well along in their development. 


Table ^ —Germination test of greenhouse-’ grown Manchuria barley {CJ. ajjo) 
harvested daily beginning j days after poUinaiion, showing the number ofsemmal 
roots increasing ivith age. 


Days 

after 

polli- 

nation 

Spike 

No. 

Number of 
seeds — 

Number of seeds with following 
number of seminal roots 

Nimibei' of 
seminal ■ 
roots in each 
of three un- 
germiiiated 
seeds 

In 

sam- 

ple 

Ger- 

mi- 

nated 

I 

2 

3 

4 

5 

6 

7 

TO 

I 

? 

None 




_ 




2,,„ 1 , 2 


2 

} 

None 








I, I, I 

II ■ 

I 

? 

None 







... 

I, I, 'I 


1 2 

15 

6 * 

2 

I 

3 



- 

- 

:h 3. 3 

12 

I 

17 

17 

“ 

- 

17 

~ 

, 


- 

3. 3. 3 

n 

'I 

17 

12 


2 

9 

I 



- 

2, 2, 3 


2 

i 14 

10 


3 

4 

■3 1 

- 

- 

- 

3, 3 

16, 

2 

21 

21 i 

- 

- 


18 : 

3 

- 

- 

1 5. 5, 5 

20' 

I. 

10 

9 ! 

. I 1 

- 

- 

5 ‘ 

1 2 ! 

f 


, 6, 6, 5 

21 


II 

1 1 

- 

- 

- 

~ 1 

4 

7 i 


I 6, 6, 6 

26 

'i 

16 ! 

16 : 

- 


- ■ 

3 

0 

12 ; 


i 6, 6, 6 

27 1 

I i 

IS i 

34 : 

- 

- 

- 


3 

9 

2 i 

i 6, 6, 7 

29 , 1 

^ I 1 

15 i 

15 ’ 

- 

■ - 


- 

7 

8 

1 

1 6, 7. 7 


*At end of germination period (i6 days) only one seedling was living. It had 3 roots. 


The data from the 13-day samples suggest that seminal roots may 
arise during germination from primordia not identifiable in the 
ungerminated seed. However, for the present, it seems preferable to 
assume that the seeds sectioned had been poorly selected, since, in 
all other samples, the number of seminal roots as determined from 
sections agreed very well with the number in the portion of the 
samples germinated. Also, the maximum number, 7, in the sections 
of seed harvested 27 and 29 days after pollination agrees well with 
the average number of roots, 6.8, found in seed of this variety growni 
at Sacaton, Ariz. 

Since, under unfavorable conditions of growth, the seed of a variety 
is tnarkedly thinner and lighter than when grown under a favorable 
environment, the seed weight may be considered a measure of its 
stage ^ of development at harvest. Such environmental effects are 
seen in nine samples of Wisconsin Barbless barley grown at three 
places over 3 years. The lighter, less well-matured seed showed 
ppgressive depression in seminal root number. The correlation coeffi- 
cient for this pair of characters in the nine samples was found to be 
+.776, which is significant, at 'the ’P == .02 level. ' 
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: SEMINAL. ROOTS IN BULK SAMPLES OF MALTING BARLEY 

The seminal root numbers were determined for 30 of the 32 bulk 
barley samples obtained from Dr. Dickson, for which malting data 
were available, in order to learn whether this number is associated 
with malting quality. Fifteen kernels were taken at random from 
each sample and the lemmas removed from over the embryos. These 
samples were then weighed in mg, germinated for 8 days at 15° C, 
and the average number of seminal roots recorded for each sample 
after rejecting all seed showing weak or no germination but including 
shrunken seeds from which a low root numfer might be expected. By 
using, in addition, the eight samples of the single variety, Wisconsin 
Barbless, grown at three different places over a period of 3 years, the 
unconsidered variables were reduced in number, which should 
intensify the correlation if present. The coefficients of correlation 
were then found between seminal root number and (a) diastatic 
power and (b) percentage wort nitrogen, as shown in Table 3. All of 
the con-'elation coefficients are small and none is significant. 

SUMMARY 

In well-matured seeds of cultivated barley the average number of 
seminal roots of 72 pure-line varieties ranged from 5.4 in the six- 
rowed Winter Club to 8.9 in the two-rowed varieties Alpha and White 
Smyrna, Within a variety the number was relatively uniform, seldom 
varying by more than 2 roots among individual seeds. Because of the 
low variability within a variety and the high correlation between 
the same varieties grown under different environments, it appears 
that seminal root number is a varietal character. Within a species, 
the varieties of H. distichon, with the widest diversity of forms and 
sources of origin, ranged from 5.6 to 8,9 seminal roots, if. deficiens 
and H, irregidare both had a varietal range of variation of but 1.5 
roots. The species H. intermedium and H. vulgare each had a varietal 
range of variation of 2.1 roots. 

A single strain of a six-rowed natural tetraploid had an average of 
6.8 roots, a number characteristic of the diploid varieties of the 
vulgare group. This indicated that doubling of the chromosome num- 
ber did not affect the formation of seminal roots. 

No association was apparent between seminal root number and 
density of spike, color of seeds, adherence of lemma and palet, or 
character of lemma tip. 

vThe absorptive surface of the scutellum of eight widely 

different varieties was not correlated with a seminal root number. 
Lack of consistently significant intervarietal correlations would 
indicate that in mature , seed, seminal root number is independent 
of both the length of developmental period and seed weight. 

Within a variety the number of seminal roots increases with num- 
ber of ^ days after pollination. : In Manchuria barley the earliest 
viable immature stage showed 3 roots in sections and produced on 
germination a maximum of 3 roots. With further growth and develop- 
ment of the seed, , the number; increased to the maximum for the 
variety when the seeds were plump and^well-matured. Tn nine field 
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samples of Wisconsin Barbless barley a correlation, coefficient of .776 
was found between kernel weight, as indicating stage of de¥elopment 
at. harvest, and number of seminal roots. This value, is, sig,iiificaiTt at 
the P = .02 level. 

No correlation was found between number of seminal roots and 
malting quality as measured by diastatic power or hj percentage 
of wort nitrogen produced in 30 samples of malting barley represent- 
ing 12 varieties grown in 3 years at three different places, A similar 
lack of correlation was found among nine samples of the Wisconsin 
Barbless variety. 
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NOTES 

SIZIHG WHOLE SUGAR BEET SEED TO IMPROVE GERMINATION 

T N CONNECTION with the breeding work of the HolN Sugar 
1 Corporation at Sheridan, Wyo., low-germinating seed has fre- 
quently been encountered. The low-germinating seed arises largely 
as a result of small plantings of mother beet roots and, stecHings 
which are space isolated in gardens in this area for seed production. 
The use of this low-germinating seed has been a problem which 
interfers with the breeding work and particularly the small plot 
variety testing program. Increased planting rates, hand plantings, 
transplanting, and other procedures have been utilized, with limited 
success. Procedures for improving germination, such as the use of 
polishing .machines, air separation devices, gravity tables, and clean- 
ing machines, have all been tried with limited success. Investigations 
of germination qualities of fractional sizes of seed have given rise 
to the use of a procedure which has proved to be very useful and it is 
believed may prove of value to other workers. 

The seed is all harvested, threshed, and cleaned in the custGiiiary 
manner. Each lot of seed is thoroughly mixed and a representative 
sample is used for germination. All seed lots having a germination 
below 70% are reworked to improve the germination. A sizing test is 
conducted using a representative sample of about r pound or the full 
amount of seed if less than i pound. The seed is divided into six 
sizes by a nest of six 12 X 12-inch hand screens. The nest contains a 
blank for the botton, 8/64, 9/64, 10/64, 11/64, and 12/64 i^ch round 
hole perforated screens. After the seed is graded over these screens, 
each fraction is weighed and a crack test is made of each fraction. 
A crack test consists of mashing 100 seeds and examining each seed 
for the presence of white starchy germ material. The number show- 
ing starch is referred to as the crack test. The difference between 
actual germination and the crack test is quite variable in different 
lots of seed and must be taken into account. This difference varies 
from zero up to as much as 30%. By examination of the weight and 
crack test of these fractions and the comparison of actual germina- 
tion and the crack test of the original seed, a screen size for grading 
the seed is selected which will give the desired result. 

In general, all seed below an 80 crack is discarded, but' where the 
germination and crack test are close together a lower standard is 
sometimes^ used. If desired, weighted averages may be calculated 
and an estimate made of the germination of the final product as well 
as an estimate of the loss in weight for any size, screen for each lot 
of seed. This is . a desirable procedure for larger amounts of seed. 
For the average lot of seed there is usually a decided change in both 
the weight and crack test at a given size which can readily be located 
by examination of the .data. 

Ta,ble ,1. presents the results obtained- for 40' seed lots with original 
germinations of from 32 to 69% -where all fractions below, an 80 
crack were discarded." The data show a progressive increase in crack 
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with an increase in sis^e of -seed. In all, but one case^ lot No. 4, the 
desired level of 70% germination was obtained by, discarding all 
fractions below an 80 crack. It is to be noted that for some lots the 
germiiiation was raised higher than necessary with a resulting greater 
loss of seed. This can be avoided ..by calculating the results before 
resizing as mentioned above. The data for the 40 seed lots show an 


Table i, — Fractional sizing of whole sugar beet seed. 


Original seed 


Fractional size crack test 

! c-' 

; /c 

: get 


Gain 

Lot 

No. 

% 

ger- 

mina- 

tion 

Crack 

test 

Be- 

low 

8/64 

8/64 

to 

9/64 

9/64 

to 

10/64 

10/64 

to 

11/64 

! 

11/641 

iQ j Above 
i2/64j 12/64 

niina- 

tion 

of 

sized 

seed^ 

loss ill 
weight 
of 

seed 

in % 
ger- 
miiia,- 
tion 

I 

53 

78 

34 * 

51* 

72* 

84 

89 

95 

70 

16 

17 

2 - 

68 

88 

47 ! 

75 * 

82 

90 

97 

98 

74 

7 

6 

3 

54 

83 

46* 

65* 

76* 

85 

96 

98 

74 

17 

20 

4 

60 

77 

8* 

31* 

61* 

63* 

81 

97 

69 

25 

9 

5 

43 

65 

10* 

31* 

56* 

^ 0 
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33 

92 

78 

38 

35 

6 

61 
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86 
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62 
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40* 

74 * 

86 

94 

81 

40 

30 

3S 

- 47 

70 

19* 

52** 

76* 

90 

■ 93 

95 ■■ 

88 

60 

41 

39 

54 

65 

4 * 

16* 

38* 

50* 

80 

90 

72 

43 

' i8 

40 

66 

82 

II* 

28* 

62* 

B 3 

94 

95 

80 

14 

14 

Av. 

56 

76 

24 

46 

64 

77 

86 

94 

82 

35 

25 


^Fraction discarded. 
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average gemimation' of' 56% for the original seed and 82% for the 
final resized product, with an'^ average loss- in weight of 35% and an 
average increase in germination of 25%.- 
We have applied this fractional testing and resizing procedure 
to over 500 lots of seed, including stock seed lots and commercial 
seed produced in other localities with satisfactory results in all cases. 
In all but a few cases of extremely low germinations, the results 
have been similar to those shown in Table i. It is believed that the 
application of this procedure at the cleaning plants to comrnercial 
sugar beet seed produced in America ' will result in large savings in 
handling, storage, and transportation costs.— Frank F. Lynes, 
Holly Siigar Corporation, Sheridan, Wyoming. 

THE PERSISTENCE OF AMMONIA NITROGEN AGAINST LEACHING 

R ecent tests to determine residual nitrogen in the soil after 
. treatment with nitrogen carriers show that there may be a large 
carry-over of unused nitrogen when crop yields are reduced by 
moisture deficiency during the growing season. 

Nitrogen was applied in late July and the soil samples were col- 
lected, the following April. From the area receiving sulfate of am- 
monia 60 p.p.m. of ammonia nitrogen and 10 p.p.m. of nitrate nitrogen 
were recovered. The area to which nitrate of soda was applied tested 
10 p.p.m. ammonia nitrogen and 5 p.p.m. nitrate nitrogen. The crop 
was cabbage and the rate of nitrogen application was 125 pounds 
of nitrogen per acre. The x\ugust-September rainfall was 3 inches. 
The precipitation between October and the time of sampling in late 
April was 20 inches. Water lost as runoff was largety the result of 
spring thaw. The total runoff between October and the time of 
sampling the soil as measured on an adjacent area similarly cropped 
was 5.76 inches. The soil was a Dunkirk silty clay loam with pH -of 
5.6 to 6. o.— Everett A. Carleton, Soil Conservaiion Experimeni 
Station, U. S. Dept, of AgriculUm, Geneva, N. Y. 


BOOK REVIEW 

PLANTS AND PLANT SCIENCE IN LATIN AMERICA 

Edited by Frans Verdoorn. Waltham, Mass.: Chronica Botamica Co.; 
New York::G. E. Siechert and Co. XiAr 384 pages. Ulus. 1945. $6. 

T his Volume XVI in a new series of plant science books has been 
planned as an aid to better inter-American relations as' well as a 
useM^compendium of information,' botanical, economic, agronomic, 
ecological, phytogeograpliic, and historical, for^ anyone interested 
in any,, aspects, of, Latin Am, erican,,, botany. The ed,itor has assembled 
nearly a hundred contributions from authoritative writers dealing 
with each of he political entities, of Latin America. These arc mostly 
, written in English, but 'Spanish, French,; and 'Portuguese are also 
represented. The book is attractively illustrated with 83 plates and 
text illustrations, many of which are reproduced from classical 
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publications. The double-column pages, featuring Chronica Bofanica 
ill which a part of the volume has previously been published, provide 
ease in reading. 

Besides the interest of the subject matter for the botanist, includ- 
ing as it does extensive bibliographical material and lists of plants 
of economic importance, it will likewise have interest for specialists 
ill related fields. The agronomist will find frequent references to 
cultural practices and soil conditions in various parts of Latin Ameri- 
ca. Anyone contemplating a collecting trip to Latin America will find 
botanical guides to such an enterprise. Included is a comprehensive 
list of plant science institutions, stations, and societies in all parts of 
Central and South America. The volume is almost encyclopedic in 
the mass of material it contains and is well organized to make it 
available. — Helen D. Hill. 

AGRONOMIC AFFAIRS 
ANNUAL MEETING TO BE HELD IN FEBRUARY 

W ITH the close of the war and the lifting of thc' l>ari on c'onveu- 
tioiis, the Executive Commit.tces of the American Society of 
Agronomy and the Soil Science Society of America have voted unani- 
mously to hold meetings this winter. 

Inasmuch as the time for preparation for the meetings as originally 
scheduled seemed too short to prepai'e programs, the Secretary-" was 
instructed to find suitable accommodations during Janua.ry or Feb- 
ruary. The most satisfactory dates found were hA^bnuiry 26 to 
March i at the Deshler-Wallick Hotel at Columbus, Dhio. The first 
day is reserved for the meeting of the Fertilizer Committee and the 
last three days for the regular meetings of the two societies. — G. G. 
PoHLMAN, Secretary-Treasurer. 

ELECTION OF FELLOWS 

T he Executive Committee has slightly modified the procedure for 
the Selection of Fellows of the American Society of Agronomy. 
A committee of three, composed of Vice President H. D. Hughes, 
Chairman, Dr. 0 . S. Aamodt, representing the Crops Section, 
■and Dr. F. E. Bear, representing the Soils Section, will submit 
nominations to the Executive 'Committee. Final selection will be 
made by the Executive Committee as in the past. 

:Dr. Hughes’ comrriittee is requesting Fellows of the Society to 
submit names for their consideration. In submitting a name" the 
sponsor should give a complete statement of the man’s qualifications, 
including training, professional career, publications, and activities 
in the Society. 

Any member of the Society may suggest names for consideration, 
by having them submitted by a Fellow of the Society. 

Communications should be addressed to the Chairman of the 
committee, Prof. H. D. Hughes, Iowa State College, Ames, Iowa. 
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MEWS ITEMS 

According to Science, Doctor Clarence Dorman, Director of 
the Mississippi Agricultural Experiment Station, has been named 
acting President of Mississippi State College to serve until a successor 
is chosen for Dr. George D. Humphrey who will become President of 
the University of Wyoming.’ 


H. G. Porter, Assistant Agronomist, Virginia Agricultural Ex- 
periment Station, received his discharge from the Army on July 5, 
1945, and will resume his duties as senior field man in the soil survey 
work. He spent approximately 8 of his 18 months in the Army in the 
hospital due to wounds and injuries received in action. 

The U. S. Dept, of Agriculture Bureau of Plant Industry, 
Soils, and Agricultural Engineering is initiating a research 
program on soils problems as related to irrigation practices in the 
western states. Dr. Omer J. Kelley, formerly in charge of soils 
research work on the emergency rubber project at Salinas, Calif., 
has been appointed regional coordinator of this work, with head- 
quarters at the Utah Agricultural Experiment Station, Logan, Utah. 

Golden L. Stoker, formerly Agronomist with the West Coast 
Sugar Beet Seed Company in Oregon, has been appointed Assistant 
Research Professor of ilgronomy at Utah State Agricultural College, 
and will have charge of field seed certification in Utah. 

Doctor John W. Parker, formerly Director of the Kansas Wheat 
Improvement Association at Manhattan, Kans., has been named 
Director of the Midwest Barley Improvement Association, with 
headquarters in the Underwriters Exchange Building, Milwaukee, 
Wis. 

Doctor G. S. Fraps retired on August 31 from administrative 
work as State Chemist and Chief of the Division of Chemistry of the 
Texas Agricultural Experiment Station, but will remain with the 
Experiment Station on a part time basis with the title of Collaborat- 
ing Chemist. He has been with the Texas A. & M. College since 
September i, 1903. He is author of two books and author or 
co-author of about 400 bulletins and scientific articles relating to the 
composition and properties of soils; nature, use, and composition of 
fertilizers; composition, nutritive values, and utilization of feeds; 
analytical methods; composition of insecticides, vitamins, and mis- 
cellaneous subjects. He has been State Chemist of Texas since 1905. 

The degree of Doctor of Agriculture, Honoris Causa ^ was con- 
ferred upon. T., .Ray .Stanton, Senior Agronomist in charge of Oat 
Investigations at the Plant Industry Station, Beitsville, Maryland, 
at the seventy-fourth annual commencement exercises on Friday, 
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June 15, 194s, by the Iowa State College of Agriculture and 3 vlechamc 
Arts, Ames, Iowa, for outstanding contributions to agriculture. Doc- 
tor Stanton lias been the- leader for nearly 25 3^ears of a group of sci- 
entists in a cooperative program of oat improvemeiit with state sta- 
tions which lias resulted in the breeding and distribution of new 
disease-resistant and. more productive \mrieties of oats for the Corn 
.Belt and nearly all other sections of the United Slates. These vari- 
eties have made oats a much more certain and satisfactory crop at a 
time when the increased production of additional feed units for frirm 
animals' has been so essential to the winning of the war. 


Doctor, W. S. Gillam, professor of a.gri.cultiiral chemistry at 
Purdue University, Lafayette, Ind., has joined the staff of the Mid- 
west Research Institute, Kansas City, where he will specialize in 
research in soils, plant nutrition, and analytical ser\ices. He was 
formerly on the facult}^ of Michigan State College, East Lansing, 
Mich.; and Nebraska Wesle\mii University and, Universitt:^ of Ne- 
braska, Lincoln, Nebr. 

Oren Bolin, Assistant Professor of .Plant Genet ic‘S, Agronomy 
Department, University of Illinois, resigned Sepioniber i, 1945, 
and has accepted a position as Director of Rt'search for the L. L., 
Lowe Seed Company, Aro.ma Park, 111 . 

....A.--, 

Doctor. J. F. Fudge succeeded Dr, G. S. Fraps as Chief of the 
Division of Chemistry and State Chemist of Texas when the latter 
retired on August 31, .1945. .Doctor Fudge received t.lie B. S. ilegree 
in agronomy at the University, of .Illinois and the Ph. D. degree in 
soil ('hemistry at the University of Wisconsin. Before coming to 
Texas, he was emplo^^ed- as a chemist 'at the Alabama and Florida 
agricultural experiment stations. Pie has been connected with the 
Division of Chemistry of the Texas Agricultural Experiment Station 
since 1929., 

Doctor M. T, Henderson, formerl}^ a member of the Division of 
Agronomy and . Plant Genetics, University of Minnesota, has ac- 
cepted a position as Associate Professor in the Department of Agron- 
omy at Pennsylvania State 'College. 
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NUTGRASS ERADICATION STUDIES: IV. USE OF 
CHICKENS AND GEESE IN THE CONTROL OF 
NUTGRASS, CYPERUS ROTUNDUS L.' 

E. L. Mayton, E. V. Smith, and Dale King^ 

N UTGRASS is recognized as a noxious weed of cultivated fieldvS 
throughout its range. Although the plant produces some viable 
seed in the tropics, underground tubers constitute its principal re- 
productive organ, and appear to be its only effective one in the 
southeastern states. The tubers are carried to new areas by vari- 
ous means and produce new centers of infestation. From these cen- 
ters the weed spreads by vegetative reproduction, and, in early 
stages of infestation, it usually occurs as small patches. Tubers 
from these patches may be carried throughout the field by tillage 
implements and soon may cause a general infestation. 

Several workers, notaWy Andrews (i, 2),^ Ranade and Burns 
(3), and Smith and Mayton (4, 5), have developed tillage methods 
for controlling or eradicating nutgrass. As a part of a project deal- 
ing with the control of nutgrass at the Alabama Agricultural Ex- 
periment Station, experiments were conducted to determine if the 
weed could be eradicated by grazing with chickens and with geese. 
It is generally recognized that chickens tend to destroy herbaceous 
vegetation near poultry houses. Geese are close grazers, and their 
use to help control grass in cotton fields w^as an early practice in the 
South. 

■ GRAZING EXPERIMENTS WITH CHICKENvS 
SMALL PENS 

A series of five i/do-acre (25 by 29 feet) pens vrere fenced on an 
area, infested with nutgrass. Earlier experiments (4) had shown that 
tuber counts , give , a more accurate: record, of , nutgrass infestation 
than do. ^sprout' counts. Consequently,... ' the original infestation in,, 
each individual pen , was measured by screening out and counting 

^Contribution from tlie Department of Agi'onomy and Soils, Botanv and Plant 
Pathology, and Poultry Husbandry, Alabama Agricultural Experiment Station, 
Auburn, Ala. Published with the approval of the Director. Received for publica- 
tion February 2, 1945. : 

^Fornferly Associate Agronomist and Associate Botanist and Poultry Husband- 
man, respectively. 

^Figures in parenthesis refer to “Literature Cited”, p. 791. 
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the live tuberS' from six 2- by 2-foot diggings. These data indicated 
tliatt although the infestation was heavy in all pens, it was vari- 
able from pen to pen. 

The number of chickens in the pen was adjusted according to 
the nut grass infestation as follows: Pen i, 29.75 tubers per square 
foot/ 3 chickens; pen 2, 19.25 tubers per square foot, 4 chickens; 
pen 3, 20.50 tubers per square foot, 8 chickens; pen 4, 18.30 tubers 
per square foot, 16 chickens; pen 5, not grazed. 

Thus, if' three chickens in pen i represented one rate of stocking, 
then 4, 8, and 16 i*epresented the double, quadruple, and octuple 
rates,, respectively, based on infestation. These rates of grazing were 
continued during two consecutive growing seasons. Final infesta- 
tion records were obtained by digging approximately one-fourth 
of each plot and removing and counting the live tubers. The results 
are recorded in Table i. 


Table i . — Reduciiofi in infestaMon of 7iutgrass on small plots from different 
rates of grazing by hens. 


Pen 

.No.'^ 

Rate o'f 
grazing 

N'uni' 
her of 
hens 

Number of live tubers per 2- by 2 -foot 
sectionf 

Xiimb>er of 
live tubers 
in *4 of pen, 

April. 1937 

Original 

Apr.' 1935 

End 1st 
season, 

Dec. 1935 



End 2nd 
season, 

Nov. 1936 

I 

Single 

3 ' 

119 

170.6 

54 -<> 

It 76! 

2 

Double : 

4 ' 

77 

4-5 

0.0 

0 

3 

Quadruple 1 

8 

82 

0.5 i 

0.0 

! ' '0 

4 

Octuple i 

16 

74 i 

0.5 1 

1 0.0 

: 0 

5 

Ungrazed 

0 

X17 

1 ^ 77.7 I 

■ 89.0 

^ ' 1,8,1 1, ■ 


*Eacli pen was i/6o^acre in area. 
tAverage of six diggings. 


White Leghorn cockerels were placed in the pens on April 9, 1935. 
Since they did not eat many of the nutgrass leaves, the cockerels 
were replaced by White Leghorn hens on April 15. The hens began 
eating the nutgrass leaves almost as soon as they were placed in the 
pens, and they were. used during the remainder of the .1935 .growing 
season and throughout the 1936 growing season. 

The pens were observed at approximately weekly intervals during 
both .growing seasons, and a record was made of the extent to which 
the', chickens in each pen. ate .the leaves-. At the quadruple .and oc- 
tuple rates, the hens were sufficiently numerous to become effec- 
■.tive/in. the control of nutgrass. e^^^ the 1935 growing season. 
The. hens, ..ate most, ;of. the leaves, within a week .after they .were, 
placed in the pens. Due .to. basal growth of., the leaves, :*,tstum,ps'' of 
nutgrass were present in the pens during the next month; in addi- 
tion, an occasional new sprout was seen. Not a sprout or '‘stump” of 
nutgmss could be found in these pens on May 20, 1935, and this 
condition prevailed throughout the remainder of the growing season. 
It was apparent that the chickens were eating the nutgrass leaves 
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as rapidly as they were appearing. All other plants except coffee weed^ 
Cassia sp., were eaten at the quadruple rate of stocking and even 
this weed disappeared at the octuple rate. The hens scratched ■ the 
surface soil of both pens, isolating many nutgrass tubers that sub- 
sequently died. The pens were stocked with the same number of 
hens during the 1936 growing season, but not a single nutgrass sprout 
was obseiwed in either pen during the entire season. 

The double rate of stocking was slower in effecting control of nut- 
grass than were the higher rates. Although the hens ‘^pecked off’' 
most of the nutgrass leaves within a week after they were placed in 
the pen in 1935, they did not keep the ‘‘stumps” eaten to the ground 
until near the end of the growing season. There was a progressive 
decrease in the number of “stumps” until August 31, after which 
none was observed. No nutgrass sprouts or “stumps” were seen in 
this pen during the 1936 growing season. 

The single rate of stocking was not effective in controlling nut- 
grass. The hens were not sufficiently numerous to eat the leaves as 
fast as they grew. Actually, the old, tough leaves over a large por- 
tion of the pen were not bothered by the hens during either growing 
season. 


LARGE PEN 

The results of grazing small pens with hens indicated that chick- 
ens may effectively control nutgrass. Consequently, a larger pen, 
yi acre in area, was used in 1938. Three hundred White Leghorn 
hens were placed in the pen at the beginning of that growing sea- 
son. Although there was some mortalit}^ of the hens, more than 200 
remained in the pen throughout the season. The3^ were housed in 
four range shelters, one near the center of each quarter of the pen. The 
hens appeared to be controlling the nutgrass during the first month, 
but they were ineffective during the remainder of the growing sea- 
son. They kept the nutgrass leaves eaten to the ground around the 
shelters and near the shade cast by a permanent house at one end 
of the pen, but the}?" did not graze effectively over the entire area. 

The nutgrass infestation was determined by making tuber counts 
at the beginning and end of the growing season. In the spring three 
2-foot wide trenches were dug along the long axis of the pen and 
three along the short axis. The soil was removed in 4-foot segments 
and the tiffiers were sifted put and counted. In the fall six trenches 
were dug' adjacent to the spring diggings, and the tubers were re- 
moved and. counted. The results are, given in Table 2, Instead of a 
decreased infestation at the end of one season of grazing, there ap- 
peared to be a several-fold increase. ... 

It is evident that, although chickens may eradicate nutgrass frotn 
small areas, they are ineffective in larger areas. ■ 

GRAZING EXPERIMENTS WITH GEESE 

/"'GOOSE PEN ■■■ 

,,A >d-acre pen, he.avily .infested with nutgrass, was grazed by eight 
geese during the , 193 8 and 1939 growing seasons. ' Infestation records 
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were determined in. the, same manner. as in the larger chicken pen. 
The results are summarised in Table 2. 


Table 2.— Effect of infestation of nutgmss iot uncropped }/2-acre plots ivken 
grazed by chickens . and by geese] and in pi -acre plots cropped to cotton 
and grazed by geese. 


. .Trea'tment ■ 

' Nnmber of live tubers 
. 2-.foot sectic 

; |;)er ,2- by 

1 Beginning | 
; 1st season j 

^ End i 
1 1st season 

' End . 
and seamn 

Uncropped, grazed bv 300-200 hens. . 
Uncropped, grazed bv 8 geese. 

! 108.4'^^ 1 

1 43 . 6 t ! 

1 89. 6 1 

'' t 

iSi-St 

Cropped to cotton, grazed by geese (l6 in 

I 09 . 9 t 

39 . 7 t 


1938,4111 1939) 

1 5.1 1 

Cropped to cotton, grazed by geese (16 in i 



1 

1^39. 4 in 1940) : 

589.6'^ ; 

124,5* 

0.0§ 


'“Tiepresents average number of tubers from 102 diggings. 

fRepresents average number of tubers from 25S diggings. 

^Discontinued after one season. 

^In addition, 55 2- by 2-foot diggings were taken at' random over tne plot. No live tubers were 
foutid, but the dead tubers averaged 59.6 per digging. 

There was an average of 43.6 live tubers per 2- by 4~f(tot seg- 
ment of trench at the beginning of the first season of the experi-' 
nient, 89.6 .at the end, of the. first season, and 131.3 at the end of the 
experiment. Thus, it is appa.re.nt that the geese were not effective 
in the eradication of nutgrass in large areas. 

PEN NO,. I CROPPED TO .COTTON AND GRf\ZE.D WITH GEESE 

A >^-acre area heavily infested .with nutgrass was planted to cot- 
ton in 1938. The cotton was chopped and sided, but was not cultivat- 
ed thereafter. The laborers who chopped the cotton reported the 
worst nutgrass infestation that they had ever encountered. Sixteen 
geese were placed in the half-acre area in June and provided the only 
‘'cultivation*' during the remainder of the season. The geese tended to 
follow the middles wdiile feeding and to eat the nutgrass leaves to 
the ground as they went. As a result, vert" few nutgrass sprouts 
could be found in the area in September. 

The nutgrass infestation was so greatly reduced in 193 8 that only 
four geese were placed in the area which was again planted to cotton 
in 1939. Veiy few nutgrass sprouts were found at any time during 
the 1939 season. 

The nutgrass infestation was determined at the beginning of the 
experiment and at the end of both growing seasons by the same pro- 
cedure as used for the uncropped pen grazed by geese (Table 2). 
There was an average of 109.9 live tubers per 2- by 4-foot digging 
at the beginning of the experiment, 39.7 at the end” of the first sea- 
son, and 5.1 at the end of the experiment. Only an occasional sprout 
was found in the area the year following' the conclusion of the experi- 
ment.. 
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PEN NO. 2 CROPPED TO COTTON AND G.RAZED BY GEESE 

The results from pen No. i were so encouraging the first year that 
the >'2-acre pen which had been grazed 'by chickens in 1938 was 
planted to cotton in 1939 and 1940, and was grazed by geese asm 
duplicate experiment. Sixteen geese were used in 1939 four in 
1940. As in the previous experiment, the cotton was not cultivated 
after it wms chopped and sided. 

The competition from nutgrass was so keen early in 1939 that an 
irregular stand of cotton resulted. Very few nutgrass sprouts were 
evident toward the end of the 1939 growing season. Nutgrass plants 
were so sparse in 1940 that they did not reduce the stand of cotton. 

GENERAL DISCUSSION 

The fact that the cliickens eradicated nutgrass from the i/60-acre 
pens, but were ineffective in the ti-acre pen requires some explana- 
tion. It also raises the question as to how large an area can be freed 
of nutgrass by grazing with chickens. 

The difference in effectiveness, of chickens in small and large pens 
lies largel};^ in the habits of this fowl. It is commonly observed that 
chickens graze oats or other green feed most heavily in the vicinity 
of the poultry house, and that they do not graze generally over a 
wide area. All parts of the small pens were sufficiently near the shel- 
ter for the hens to range over and graze the nutgrass closely. In the 
larger pen, however, the hens grazed efthctively only the areas near 
the shelter and in the shade of a permanent house near one end of 
the pen. They did not range over and graze the entire area. 

General observation would indicate that chickens would more 
uniformly graze a square area than they would a long, narrow one. 
Seldom do chickens completely bare the ground more than 50 feet 
from the house, and it is doubtful if they would eradicate nutgrass 
over so wide an area. There are also differences in grazing efficiency 
of individual flocks, depending on how they have been previoush^ 
handled. Chickens that have been kept on full feed in close quarters 
do not graze as freely as farm-raised birds that have become accus- 
tomed to obtaining a considerable portion of their food by foraging. 
Active, nervous breeds of chickens, such as White Leghorns, usually 
graze farther from the house than do the heavier, more sluggish 
breeds, such as Rhode Island Reds or Plymouth Rocks. 

Based on the foregoing results and observations, if chickens are 
to be used for the eradication of nutgrass, they should be penned on 
relatively small areas probably not more than 50 feet sciiiare, they 
should be sufficiently numerous to keep the soil bare of nutgrass 
leaves, and they should be range hens preferably of the more actn^e 
breeds.. 

The difference between the effectiveness of geese in the imcropped 
pen and in the pens planted to cotton also requires some explana- 
tion. The differences here lie partly in the habits of the goose and 
partly in the growth habits of nutgrass. The geese tended to range 
more widely over cropped than uncropped land. They tended to 
follow the cotton middles and to eat nutgrass leaves as they went. 
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Thus, they were more effective in' the cropped pens than in the un- 
cropped areas. ■ ^ 

■The growth , habits of the nut grass, plant probably are of greater 
significance in explaining the greater effectiveness of gecsi^ in the 
cropped pens than, are the feeding ■ habits of geese, llie niitgrass 
plant includes a system of underground tubers comiecied by liii- 
zomes. The tubers contain a large amount of stored food. When the 
imdergToitnd sj’stem is. undisturbed, many of the tubers fail tn pro- 
duce leaves. In addition, tmdisturbed plants in dry vuatlier tend to 
produce smail, tough leaves which are not readily eaten by geese. 
Tillage operations used in preparing the land .for cotton break rij3 the 
nutgrass systems and isolate many" of the tubers. Isolated tubers 
in the cropped pens sprouted, and, as the result, the nutgrass was 
more readily starved by the grazing geese. Moreover, the leaves of 
the nutgrass were more succulent ' and hence more palatable in the 
cropped than in the uncropped pens. 

Competition from the cotton did not have a significant role in 
the greater reduction of nutgrass in the cropped ])lots. Nutgrass 
sprouts were found more commonly in. the row than in the middle, 
indicating that they were ■ overlooked by the geese and inillifying 
any argument that competition from, the cotton was a inajnr factctr 
ill destroying nutgrass. 

The foregoing indicates that chickens may be used for llu‘ eracli- 
catioii of nutgrass from very small areas, but that they are not ef- 
fective on larger infested areas. If poultry are to be used to control 
nutgrass on larger areas, geese should be used and only on ci'opped 
land. The combination of geese and cotton in controlling nutgrass 
has several advantages and disadvantages. The princii)a1 aclvttn- 
tage is that nutgrass can be nearly eradicated from relatiw'ly large 
areas with minimum tillage. Another advantage is that only one or 
two pairs of mated geese need be carried tlmougli the winter. From 
them enough young geese can be raised in the spring to use* in the 
eradication of nutgrass from j 4 -acre of land. Sale of geese in the fall 
may partially pay for the eradication. If the land is heavily infested 
with nutgrass, a poor stand of cotton can be expected the first year. 
The second year, howwer, a satisfactory stand should be obtained. 

There are two principal disadvantages to the goose-cotton com- 
bination. The first is that the area must be fenced and the wings of the 
geese must be cropped occasionally to keep them on the area. The 
second is that the geese reduce the stand of nutgrass to such an extent 
that a grain supplement must be fed to keep the geese from starving. 

SUMMARY 

1. Cockerels were not effective in controlling nutgrass. 

2. Hens eradicated nutgrass from small areas (t/ho acre) when 
they were sufficiently numerous to keep the nutgrass leaves eaten 
to the ground. 

3. Hens were not effective in eradicating nutgrass from areas as 
large as pa -acre. 

4. Geese were not effective in the control of nutgrass on uncropped 
areas as large as >2”acre. 
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S- ' Geese effectively, controlled nutgrass in J^^-acre pens when tlie 
areas were cropped to cotton. Tlie cotton m^as not cultivated after it 
was sided. 

6. In the pens grazed by geese, very little cultivation of the cotton 
was required. 

7. Geese had to be given grain in the goose-cotton pens after nut- 
grass became scarce. 

8. Sale of geese and cotton largely defrayed the expenses involved 
in controlling nutgrass by the goose-cotton method. 
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COMPOSITION OF PEANUT SHELLS OF FILLED AND 

UNFILLED FRUITS AS AFFECTED BY FERTILIZER 
TREATMENTS^ 

W. E. Colwell, N. C, Brady, and J. R, PiLAxrr 

T he abortion of ovules in peanut fruit is largely responsilile for 
the failure to attain the maximuni productive capacity of a pea- 
nut plant. Even under soil conditions where high yields were ob- 
tained, it has been found that not more than three-fourths of the 
fruits contained two well developed ovules (3),^ Yields of Virginia- 
type peanuts as high as 1,603 pounds per acre have been obtained 
even though abortion occurred in 61.1 % of the ovarian cavities (3). 
Thus, information on the factors affecting ovule abortion as tvcH as 
the physiological processes which take place when peanut fruit de- 
velop are seen to lie of utmost importance. 

■Ii\ previous investigations, Colwell and Brady (i, 3) found that 
nutrient supply was one of the factors affecting ovule dcATlopment. 
Under conditions of high calcium supph" abortions occurred less 
frequently, whereas additions of potassium and magnesium slightly 
decre£iscd kernel development. xVlthough none of the nutrient <‘om- 
binations employed were effective in producing only well filled fruit, 
it is evident that the failure of kernels to develop was at least in part 
a nutritional problem in which calcium played a vital role. Thus, it 
would seem that information on the chemical composition of the 
peanut fruit would be valuable in determining the mechanism where- 
by nutrient supply influences kernel development. 

In the present study, particular attention was given to the pea- 
nut shell since previous work had shown the co!ii|)osit!()H of this 
plant part to be more sensitive to nutrient supph^ than that of the 
kernel. Determinations were made for total nitrogen, potassium, 
magnesium, and calcium. In an attempt to associate chemical com- 
position more directly with ovule abortion, separate analyses were 
made on shells of filled and unfilled fruit. 

The experimental material on which analyses were run was ob- 
tained from field experiments in which fertilizer treatments had ex- 
erted pronounced effects on ovule development. Thus, it was pos- 
sible to determine the effect of treatment on the composition of 
shells of filled and unfilled fruit, and to interpret these results in the 
light of the quality of fruit resulting from these same treatments. 

MATERIALS AND METHODS 

At the time of digging, fruits from JO to 20 plants were detached from the vines, 
brought to the laboratory, and, after drying, were classified on tlie basis of kernel 
development. The classification procedure was used in determining the elTect of 
treatment on fruit quality and has been described in detail elsewhere (3). To 


Contribution from the Department of Agronomy, North Carolina Agricultural 
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obtain samples for analysis, the shells from 2-cavity size^fcuit, mature and free 
from disease, were separated from the remainder and divided into three groups, 
viz., those containing two, one, and zero well-developed kernels. Throughout the 
study shells from these categories are referred to as 2~kernel, i -kernel, and o- 
kernel shells, respectively. 

Shell samples were obtained from five field experiments conducted in the 
Coastal Plain area of North Carolina. In certain of these, only the shells from 
plots of selected treatments were analyzed. A summary of the treatments from 
■which samples were taken is given in Table i, and soil analyses are presented in 
Table 2. Shell samples from Virginia Bunch, N. C. Runner, Spanish 2B, and 
White Spanish varieties were obtained at locations RPF and FWR, Virginia 
Bunch only, at locations MLW and WAT, and Jumbo Runner only at location 
ENE. Tlie effects of treatments on the yield and quality at all locations have been 


Table: i. — Treatment designations and descriptions at each of five locations. 


Treatment 

designation 

Source 

Rate in lbs. 
per acre 

1 Placement 



Location MLW 

0-0 

No treatment 

No treatment 

One half placed 3-5 inches below 

R-K 

K 2 SO 4 

96 lbs. K.2O 

seed at planting; one half on 

Mg-Mg 

M,gS 04 Ji 20 

30 lbs. MgO 

the row at earlv bloom 

Ca-Ca 

CaSOvI-hO 

800 lbs. 



Locations RPF and FWR 

0 

No treatm,ent 

No treatment 


G 

CaS 042 .H 20 i 

400 lbs. 

On foliage at earlv bloom 

K 

KCl 1 

45 lbs. KoO 

Top dressed at emergence 

L 

Doiomitic lime 

400 lbs. 

! In row^ at planting 


Locations WAT and ENE 

Ck 

No treatment 

No treatment 


G 

CaS04.2H..0 

400 lbs. 

On foliage at earlv bloom 

K 

KCl 

48 lbs. K2O 

In row^ at planting 

L 

Doiomitic lime 

400 lbs. 

In row at planting 


Table 2.— Soil types and certain chemical characteristics of the soils on which 
the experiments were conducted. 




* 

Soil analyses 




Location and soil 
type 

W 

Base ex- 
change ca- 
pacity, 
M.E.per 
grams 

■ cu . 

2 I 

0 w i 

^ ct 3 53 

wo aSc 

1 

cifxi 

cu 

tjc « ' 

gH 0 1 
CIS • 0 yj i 

IwLI 

s 

p 7 

Organic 
matter, % 

(MLW) * Kalmia loamy 
sand ...... ... . , 

!: 5.3' 

^4.7 

,4-6 

■ 3 - 13' 

■ '? 1 A 

0.50 

0.21 
034 ! 

0.68 

1.39 


^ T ^ \ 

6 c ! 

34’ 
29 , 

31 i 

60 

l.i 

0.9 

I.O 

(R.PF) Norfolk d,oam,y 
sand . ........... 

0.17 
■ , 0.2 1 

i 

f\ O’O 

U, 1 1 

0.04 ! 
0,04 , 

0.07 

i ■ ■:■ 

1 0.08 

(FWR) Norfolk .sand. , 
(WAT) Ruston sandy 
loam. 

1.98 

i- ■' ■" ■ 

" 2 . 57 '' 

: . ,3.24, : 

(ENE) Dunbar-Lenoir 
fine sandv loam 

53':, 

0.29 

•9 

1.2 


’•'Initials of cooperative grower used to designate location. 
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presented in detail elsewhere (1,3, 4) and will be discussed here otily as a niea!is 
of interpreting the analyses obtained. 

ANALYTICAL METHODS 

Exchange ])roperties of the soils were determined lyr an amt-ncaiiuni acetate 
procedure (A.O.A.C.) and are expressed as M.E. per 100 grams of soil. Phosphorus 
was extracted by 0.002 N H2SO4 (Truog), and organic matter was delernilned by 
diy combustion (A.O.A.C.). The reported data are average valup from, four 
separate samples, each of wiich consisted of 20 portions of soil from the plow layer 
of the unfertilized plots. 

After the separation of the shells as described above, the}" %vere grotind to pass 
through a 40-111 esh sieve and all analytical determinations w-ere made 011 an air- 
dry basis. Nitrogen analyses were made according to the A.O.A.C. method for 
total nitrogen, including nitrates, and the nitrogen contents are expressed in this 
paper in terms of per cent. 

The mineral constituents of the shells were all determitied by A.O.A.C. meth- 
ods. Total calcium contents were obtained by using the oxalate-permanganate 
procedure for plant material. The gravimetric p\-ro]>hosphate procedure was used 
in making the magnesium analyses, while potassium was deiermined gravimetri- 
cally ns the chloroplatinate. AW mineral constituents are expressed in tliis paper as 
M.E. per loo grams of air-dry tissue. 

RESULTS AND DISCUSSION 

NITROGEN, POTASSIUM, AND MAGNESIUM CONTENTS OF SHELLS .\3 
AFFECTED BY TREATMENT 

Data presented in Fig. t show the nitrogen, potassium, and raag- 
iiesium contents of 2-, i-, and o-kernei shells of the Virginia Bunch 
variety. Two of the most outstanding features of the data are (a) 
that the contents of the three constituents were all signiiicanti}' 
higher in shells containing zero developed kernels than in shells in 
which both kernels developed, the levels of these constituents, in the 
i-kernei shells being inlerniediate ; and (b) that the contents of these 
elements in a given shell group were not greatly affected by treat- 
ment. This lack of treatment influence is of particular significance 
since the treatments were widety different and conseqiieinh' ex- 
erted markedly different effects on yield and kernel development 
(i). For example, the yield resulting from the calcium treatment 
(Ca) was more than double that obtained with no treatment (Ck) ; 
yet the composition of the shells in a given kernel group was unaf- 
fected by the calcium treatment. 

This relationship betvreen the number of well-developed kernels 
contained in a given shell and its composition was found to be es- 
sentially the same at four other locations where large type peanuts 
were grown. In the presentation of these data in Fig. 2, only the 
averages of all treatments are used since the effect of treatment, 
as illustrated in Fig. i, was of minor significance. 

Although there is considerable variation from experiment to ex- 
periment in the absolute values, the inverse relationship lietweeu 
fruit filling and the contents of the three constituents is apparent 
at all bcations. Evidently this relationship is not greatly affected 
by soil environment for the soils on which the experiments were 
conducted varied considerably in their exchange properties (Table 
2) and yields obtained without treatment varied from 271 to 1,499 
pounds per acre. 










‘Relationship between fruit Ming and nitrogen, potassium and mag- 
^ contents of Virpnia Bundx-siiells at five locations. 2, i, and o « number 
(‘’developed kernels contained per sbell. l/.S.D. f.oil Ktr 
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Since' at two locations, N. C. Runner, Spauisli 2B, and White 
Spanish varieties were compared, data are available to stow tbe 
effects of treatment and kernel development on the shell composi- 
tion of these varieties and to compare them directly with those al- 
ready noted on Virginia Bunch. The contents of nitrogen, potassium, 
and magnesium of shells from the no treatment and the gypsum 
plots at one location (FWR) are presented in Fig. 3. The corre- 
sponding data from location RPF are presented in Table 3* 


Table 3. — Nitrogen, potassium, ^ and magnesium contents of shells of four varieties of 
peanuts as affected by calcium treatment and kernel development {RPF)N 



2 -kernel 

1.09 i 

1.27 

1.05 1 

I.I8 

1. 01 

1.25 

0.93 i 

1.04 


I -kernel 

1.66 

1.26 

L33 

1.67 

1.41 

1-34 

I.I7 i 

1.2 1 1 

a 0.59 

o-kernel 

1.82 

1.91 

2.02 

2.56 

1.80 

2.00 

1.99 i 

2.09 j 

b — 0.63 




M.E. 

K per 100 grams 




2 -kernel i 

8.07 

’ 8.92 ' 

11.46 

15.07 

5-73 

12.53 

13.16 : 

17.20 


I -kernel 

9*55 ! 

9.13 

10.19 

15-71 

7.86 

12.10 

12.10 

1 6-35 

a- 3.00 

o-keriiel 

10.40 j 

14.22 

16.14 

21.66 

10.62 

17.41 

19.11 I 

22.93 

b-8.66;,„ 




M.E. Mg per 

100 grams 




2 -kernel ' 

1 7.19 

^ '^5.95 

5-46 

5-95 

5-95 

4.96 

4.46 

4-96 


I -kernel 

1 8.68 

■5.95 

6-45 

7*94 

6.45 

6-45 

5-95 

6.94 1 

a ,= 1.88 

o-kernel 

1 9-67 

9.42 

10.42 

11.90 

7*94 

8.43 

9.92 

9.92 1 

b == 1.98 


^Values are averages from duplicate samples each of which was a composite from two replica- 
tions. ' . 

fa = L.S.D, for comjDaring kernel group values at given treatment level; b =■ L.S.D. for com- 
paring treatment values in a given kernel group. 

As with Virginia Bunch, the contents of these elements in the 
shells increased as the number of well-developed kernels per shell 
decreased. In general, the calcium treatment had no effect on the 
composition of shells with a given number of well-developed kernels. 
One exception was the tendency for the calcium treatment to result 
in a lower nitrogen content of o-kemel shells of the Spanish varieties, 
especially Spanish sB. . 

Varietal_ differences were not pronounced, although in general 
the potassium contents of shells of the Spanish varieties were some- 
what higher than those of Virginia Bunch or N. C. Runner. The mag- 
nesium content in shells of N. C. Runner were somewhat lower than 
that found in shells of the other varieties. 

Since, as previously noted, treatment markedly affected kernel 
development, it is of interest to know how the composition of shells 
of a bulk sample of 2 -cavity size fruit would be affected by treat- 
ment. Data are available from one location (MLW) to provide in- 
formation on this point. In considering these data, which are pre- 
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79( sented in Fig. 4, the fact should be^kept in mind that the samples 

were not field run since i- and 3-cavity size shells were not included. 



M.E. K PER 100 GRAM S 



2 10 aio 210 210 210 210 210 2!0 

CHECK GYPSUW CHECK GYPSUM CHECK GYPSUM CHECK GYPSUM 



CHECK GYPSUM CHECK GYPSUM CHECK GYPSUM CHECK GYPSUM 

VIRGINIA BUNCH N.C. RUNNER SPANISH 2-B WHITE SPANISH 

Fig. 3. — ^The effect of gypsttm treatment on tlie nitrogen, potassium, and mag- 
nesium contents of peanut shells of four varieties. 2, i, 0 —number of well” 
developed kernels per shell. (See Table i for treatment description.) A -L.S.D* 
(.01) for comparing kernel values at a given treatment level; B -L.S.D. (.01) 
for comparing treatment values at a given kernel level. 
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TOTAL N IIM 
PER CENT 


rfJT-l 


MX. K PER too 
GRAMS 


MX. Mg per 
too GRAMS 


I 

1 


0-0 Mg-Mg Ca-Ca 0-0 K~K Mc-Mc Ca-Ca 0-0 K- K Mg-Mg Ca-Ca 

Fig. 4. — The effect of fertilizer treatments on the nitrogen, potassium, and mag- 
nesium contents of bulk samples of 2-cavity shells^ (See Table i for treatment 
descriptions. Location MLW.) A = L.S.D. (.05); B==L.S.D. (.01). 


The most significant feature of the results is the effect of the 
calcium treatment in lowering the nitrogen, potassium, and mag- 
nesium contents of the 2-cavity shells. The potassium and magne- 
sium treatments had little effect on shell composition, although the 
potassium content wTis slightly increased by the additions of this 
element. 

When the beneficiar eff'ect of calcium on kernel development is 
considered with the data on the composition of shells in each of 
the “kerner* groups, the low contents of nitrogen, potassium, and 
magnesium might be expected. The calcium treatment increased 
the proportion of well-filled fruit, the shells of which were low in 
nitrogen, potassium, and magnesium, and consequently lowered 
the average content of these constituents in the shells. 

By the same reasoning, the potassium and magnesium treat- 
ments would not be expected to affect appreciably the composition 
of bulk samples of shells since these treatments had little effect on 
fruit filling, : 

The data on the effect of treatments on the three constituents 
at tliis location are in agreement with those on bulk shell analyses re- 
ported by Collins and Morris (2), as 'well as unpublished results 
obtained by Reisenauer."^ When they are considered along with the 
data reported earlier in this paper, the necessity of analyzing shells 
on rdie basis of the number of WJ^ell-developed kernels contained is 
realized. 

TJn file at the North Carolina Agricultural Experiment Station. 
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CALCi CM CONTENT OF SHELLvS AS AFFISCTED BY Tro{,AT:aEXT^ ' ^ 

Calcium analyses of sMlS'of 2*kemeC i-kernel, and o-ki'tncfl fruit 
from the experiment at location MLW arc preseiiteci in Fig. 5. It 
will be noted that ' the" number of kernels contained in a. given shell 
had no consistent effect upon the calcium content. 11 lis bibavior is in 
marked contrast to that noted previously for niimgen, |)(jtassiuim and 
magnesium. Also of interest' is the fact the gypsum significantly raised 
.'the calcium level in shells of the 2- and 1 -kernel groups and resulted 
in some increase in the calcium, content of shells from pops. 

M,E. Ca per too GRAMS 



Fig. 5. — The calcium"'content of shells contahiing 2, i, and o developed kernels 
as affected by_^treatnient. (See Table i for treatment descriptions. .Location 
MLW.^) A ~ .L.S.D, (,oi) for comparing kerael vahies at a given treatment level; 
B = L.vS.D. (,0!) for conix:>aring treatment values at a given kernel level. 


Data in Fig. 6 show the pronounced effect of the gypsum treatment 
at the same location in raising the calcium content of a l)ulk sample 
of clean 2-cavity size shells wherein all kernel groups were etmibined. 
The effect of calcium shown by these data is in agreement with re- 
sults obtained previously at this station (2), although all ’Wilites are 
of a much lower order of magnitude. 

Data from locations ENE and WAT, in Table 4, again show the 
effect of gypsum in increasing the calcium contents of shells of all 
three categories. Kernel level, however, was without consistent in- 
fluence. . 
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Iabll 4.— i he effect of treatment and kernel development on the calcium contoit of 
shells in two rotation experiments.'^ 


M.E. calcium per 100 gx'ams air-dry tissue 


Treatmentf 

Location ENE 

Location WAT 


2 ker- 
nels 

I ker- 
nel 

0 ker- 
nel 

Aver- 

age 

2 ker- 
nels 

1 kex'- 
nel 

0 k.er- 
nel 

Aver-' 
age . 

0 

G 

L 

K 

5.00 

7-57 

4.86 

5.00 

5-07 

7.18 

5-04 

5.04 

5.18 

6.04 

4.86 

4.79 

5.08 

6.93 

4.92 

4-94 

3.04 

4.71 

3.39 

3.39 

3.21 

4.50 

3.54 

4.00 

3-68 

4-75 

4.00 

4.89 

3-31 

4.65 

3.64 

4.09 

L.S.D. (.oi)t 

a = 3.14 b = 

1.93 c 

= 0.68 

a= 1.29 b ~ I 

.82 C “ 

^ 1.46 


’‘‘Values are averages of three replications. 
fSee Table X for treatment descriptions. 

K c values in columns ^‘2”, “i”. and “o’' at a given treatment level- 

avexa-r'-^'^’ treatment values in a given kernel column; c j = L.vS.D. for comparing 


Similar data for Virginia 
Bunch, N. C. Runner, Spanish 
2B, and White Spanish varie- 
ties at the other two locations 
are presented in Table 5. The 
Virginia Bunch results were 
similar to those of the other 
experiments (Table 4 and Fig. 
s) , and the same general effects 
of Calcium treatment were 
found for the other three varie- 
ties. Gypsmn resulted in a' 
highly significant increase in 
,;the calcium content of shells, 
and. , there was no consistent 
effect of the number of kernels 
developed. In vsome instances, 
especially at location FWR, 
the o-keniel shells are higher in . 
calcium than the correspond- 
ing 2- or I -kernel shells. This 
is not generally true at loca- 
tion RPF, however, nor was 
it , true in the .. other experi- 
ments already pliscussed. ■ 

.INTE.RPRETATION, OF RESULTS . 

Although. ikmayniot'. be. pos- ( 
sible at the present time to 
offer an adequate explanation 


M.E. Ca per too GRAMS 



0-0 ■ ' , K-K ■ Mg-Mg Ga“Ca 


Fig. 6.— The effect of treatment on the 
calcium contents of bulk samples of 
2 -cavity shells. (See Table r foi- 
descriptions. Location 
HLW.) A-L.S.D. (.oi). 
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Table 5 . — The contmi oj caicdum in the sheiis offimf varieties as tifeeieti hy ireatmen! 
and number qf weil deveiaped kernels. 


M.E,. calcium iier 100 grams 01 air-tlr)* lisstie 


■ 

Treatinentf 


Location RPF 


Ij H 'r, tii 

n FWR 



2 

kernels 

1 

kernel 

. 

0 1 Aver- 

kernel:; .age 

kernels 

! 

kernel 

• k'crnel 

Aver- 

age 

■ '.0 

3-36 

3*07 

Virginia Bunch 
3-43 i 3-29 

3-32 

.v54 

4.29 

3.72 

G 

4-57 

4*57 

■ 4-14 ^ 443 

543 ■ 

5-4 

6.86 

5,8.1 

-...' GK 

4.75 

4.29 , 

4'Ti ; 4-5S 

6.68 

5.64 

6.82 

6-39 

LK - 

4.04 

. .3*50 

4.14 .: 3.S9 

■ 4-4 

4.29 

i 4.89 

4.44 

' 0 

1 2.50 

246 

N. C. Runner 
3.50 I 2.82 

i'2.54 . 

! 2.68 

i 3-79 

3-00 

G 

1 3.68 

3.54 

343 1 3-58 

i 4.39 i 

: 4-93 

j 6.29 

5.20 

0 

I 3-57 : 

1 3-57 

Spanish 2B 
i 4.82 I 3.99 ! 

: 3-43 i 

: 3.64 

i 3-8^> i 

! 3-64 

Cr 

i 4-75 . i 

1 4*57 

! ^*50 ; 5*27 ! 

1 3-39 : 

5.18 

1 7-64 ^ 

6.07 

0 

4,00 

1 3-86 , 

AVhite Spanish 
i 5-39 I 4-42 

j 4-79 

i 4-'’i 

1 546 ; 

' 4-95 

'-..'yb..,'-' G 

6.39 

1 6.75 

1 6.14 1 6.43 

! 6.75 

i 8.07 

8.21^ 

I 7-70 

L.S.D. (.o!)f , 

a = I..' 

70 b = 

1.70 c — 1.07 

■ a - i .96 1.) 

2.25 c = 

= .1.7.!.' 


ty allies ate averages fro-m duplicate samples each of which was a composite from two replica- 
tions,.,:., 

•tSee Table 5 for treatment descriptions. 

Ja - L.S.D. ,tor cornparing value.s in. the “ 2 ”. y i”, “o” columns at a given treatment level; 

’ b.. — .L.S.D. .fo.r comparing treatment values in. a g3ve,ii kernel. coUinin; c L.S.D. fc)r comparing 
■averages. . 

forbthe observed cii.fferences, certain .postulations seem logical when 
';d!ietresults already discussed are considered together witli the effects 
:'of treatments o.n kernel- filling. The data presented in Figs. 4 and 6, 
sliowing the effect of treatment on the chemical coinpt)sirion of bulk 
2-cavity shells, suggest one possible explanation. From tht^se data one 
might conclude that the addition of calciiini directly arlects tlie chemi- 
cal composition of the shells and that the corresponding increase in 
fruit .hlling resulting from this treatment is brought about indireeily 
tlroxigh changes in shell composition. 

Although such a postulation should rec'cive c<')nsid.eratinii espe- 
cially in explaining differences due to treatment, it does not offer a 
complete explanation for the effect of fruit tilling on tlie ('lieiiiical 
composition of shells resulting from a given treaimeni. An explan- 
ation which is believed to be more logicail is that the changes in 
the chemical composition of the shell are brtdugbt afioui indireeily 
as^ a result of kernel development. Of irnportanee in ca.jnside.riiig 
this explanation are kernel analyses, made on the \"irginia Bunch 
md N. C. Runner varieties at location RPF, which are presented 
in Tabic 6. It -will be noted that the composition of the kernels is 
quite constant and that the contents of all constituents listed, ex- 
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cept calcium, is considerabl}^ higher in the kernels than in the shells. 
(See Tables 3 and 5.) For example, the nitrogen content of kernels 
is around four times as high as that of the shells, while the mag- 
nesium content is twice as high in the kernels. 

This observation is of particular importance in offering an ex- 
planation for the relationship between nitrogen, potassium, and mag- 
nesium contents of shells and fruit filling. When we consider the fact 
that this large supply of nutrients must. enter the developing ovules 
through the vascular tissue of the shell, it is not surprising that ker- 
nel development resulted in a considerable depletion of these three 
constituents in those shells in which normal kernel development 
took place. This depletion has occurred in spite of the fact that nu- 
trients are probably moving continuously into the shell from other 
parts of the plant. . 

Under conditions whereby abortion took place in both of the t-wo 
cavities (o-kernel group), the movement of nutrients from the shell 
into the ovules was probably very slight. When only one of the ovules 
developed, some removal from the shells of potassium, magnesium, 
and nitrogen would be expected but not to the extent as when both 
kernels developed. This accounts for the relatively high level of 
the three nutrients in the o-kernel group and the intermediate level 
in the i -kernel group. 

The importance of calcium in the proper development of ovules 
has already been referred to. In the experiments reported here, it 
was the only cation used which resulted in significant increases in 
ovule development. Yet the chemical analyses of peanut fruits show 
that the content of this element is very low, especially in the ker- 
nels (Table 6). For this reason, one would not expect the calcium, 
content of the shells to be lowered by kernel development to the 
same extent as was that of nitrogen, potassium, and magnesium. 

Table 6.—Co7itents of three mineral nutrients and nitrogen in the kernels of two 
varieties at location RPF.^ 


_ , Niti'ogen, U, M.E. Mg, M.E. Ca, M.E. 

Variety treatment per loo per 100 per 100 

grams grams grams 

N. C. Runner. .. . Cheek 4.75 18.51 1543 . ,1.9,1 

N. C. Runner . . . . Gyi-mim 4.91 16.05 15.62 2.07 

Va. Bunch. ...... .. Check ' 5.01 15..07 13.84 1. 71,,' 

Va. Bunch. ...... Gypsum ■ 4.59 15.52 13.24. ,.1.84 ' ' 


' *Four' replications. 

Of interest in considering the role of calcium in kernel formation 
is,, the fact that this cation was the only one used which,, wdien added 
:to the soil, was, found in increased concentrations in , the shells. Also 
it was the,onl3r cation to result in significant increase in fruit filling. 
These two facts suggest, that a high calcium concentration in the 
shell, : through some mechanism as .yet , unknown, was rcspomsible 
for proper ovule development and consequent movement of nitro- 
gen, potassium, and magnesium from the shell into the kernel. 
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Aitliougli in the presence of larger a,rnoiint.s of ealcrdiii in the shell 
a, higher proportion of OYiiles de\*elup, it must be renieriihsered that 
the supply of this cletneiil is pn uab:y only ceii. of iIk* net cry af- 
fecting abortion of peanut: ovules. This is aeppa.rent frotri a consid- 
eration of Idle relatively low calcium efni’wr.s nf the well- 

developed fruit from plots receir^ing no treatiTient as \vc*l! as in the 
high calcium content of shells of itiinHed fruit fnvn ilie (0:110111111- 
treated plots. 

' ■SUMMARY AND COXCLUSfOXS 

From investigations'. previously reported it was etdde:ir tliat the 
failure of .keniels to develop properhe was at least in part a iiiitri- 
tional problem in which calcium played a role. 

Chemical analyses of peanut sliells were made in an effiV'i; to ob- 
tain information -on the mechanism whereby nutrient supply in- 
fluences kernel development. Clean shells of 2-ca'\^iry size fruit were 
obtained from plants growm in :nve held experimenls wlmrciii w-iddy 
diilerent responses to various treatments laid licen obtained. The 
shells were divided into three groups, \'iz., iliosc contahr.i’ng two, 
one, and zero developed kernels. Eadi group was analyzc‘l A'r t(dal 
nitrogen, potassiunp niagnesiiini, I'tnd ealci.iiiii. Sliells iV.'wr va- 

rieties were analyzed at two locations. 

Even though, marked dificrences in the effect of inaalii'Kmi on 
yield and fruit quality had been obtaineih there was no effect of 
treatment on the nitrogen, potassium, and magnesiittn (‘on I cuts of 
shells in any given kernel group. The 2-keriic! shells, ho\\\'vcn\ were 
considerably lower in these three constituents than were the 0- 
keniel shells, while the levels in the mkernel group were internicdi- 
ate. This was found to be true regardless of ireatnicii! and was 
very consistent from location to lot‘atioti. 

In the two experiments .in which the analyses of i1ii‘ sliells ctf \'lr- 
gi.nia Bunch, N. C. Runner, Spanish 2B, and White Spamsh were 
compared, the same general effect of kernel tilling on eom|josiiioti 
was noted for all varieties and there was no marlted dilTerciiC'CS in 
the composition of shells of the different varieties. 

In contrast to the results ■ obtained with nitrogen, potassiiirn. and 
magnesium, the calcium contents of the shells in a given grruip were 
markedly increased by the addition of calcium to the soil.’ Tlicrc was 
no detinitc relationship between the calcium coiuuut of and 

kernel development; 

Analyses of a bulk sample-of clean 2-cavity shells (all kernel groups 
combined) at one location showed a marked ellccl ai (‘aldrc ■ irerit- 
meat. The nitrogen, potassium, and magne.sium crmienls wen; dn- 
ciyascd and the calcium content was in<T('ased \>y the adjliiimis 
of gypsum. The beneficial effect of cakdum in iwuuuciitg a liigh 
proportion of 2-kernel fruit was thought to be R‘spr>nsible ^i'ur these 
differences. 

Kernel analyses were made at one of the experiments and the 
contents of all constituents except calcium w'as loiind trj !#(.‘ higher 
in the kernel than in the shell It was postulated llien'-fore tliarthe 
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decrease in tlie nutrient content , of shells of the 2-kernel group was 
due to the movement of the nutrients from the shells into the de- 
veloping kernels. 

LITERATURE CITED 

1. Brady, N. C., and Colwell, W. E. Yield and quality of large-seeded type 

peanuts as affected by potassium and certain combinations of potassium, 
niagnesiiim, and calcium. Jour. Amer. Soc. Agron., 37:429-442, 1945. 

2. Collins, E. R., and Morris, H. D. Soil fertility studies with peanuts. N. C. 

Agr. Exp. Sta. Bill.' 330. 1941. 

3. CoiAVELL, W. E., and B,rady, N. C. The effect of calcium on yield and c|uality 

of large-seeded t_vpe peanuts. Jour. Amer. Soc. Agron., 37:413-428. 1945. 

4. Middleton, G. K,,' Colwell, W. E., Brady, N. C., and Schultz, E. F’, Jr. 

The beliaA'ior of four x’-arieties of peanuts as affected by calduni and potas- 
sium ixiriables. Jour. Amer. Soc. Agron., 37:443-457. 1945. 


8o6 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


THE DETASSELING HAZARD OF HYBRID SEED CORN 

PRODUCTION 
T. A. Kiesselbach- 

E arly interest in the effects of detasseling corn ceiiteivd about 
the possibility of increasing grain ^nelds by diverliug food male- 
rials used in pollen fonnaticn to the developing grain. With the ad- 
vent of coiiiiiiercial liA^brid seed in recent yeaxs. delasscled corn to 
the extent of about one-fourth million acres annually has become 
a reality and^ a necessity in the crossing iields of the United States. 
It is required to bring about specific cross-fertilisation in commer- 
cial hybrid seed production. 

Current interest is focused largely-^ on the direct effects of detas- 
seling practices which unintentionally remove one or more leaves 
along with the tassel, under crossing-field conditions of ample pollen 
supply. Two experiments bearing on these questions wore completed 
at the Nebraska Agricultural Experiment Station in 1944, and it is 
the purpose of this paper to report the results in suinmarization 
with those found in the literature. In exceptional cases, ilu* deias- 
seled parent in crossing fields may become heavih^ Avith 

smut which gains a foothold at the point of Injur'y where thi’ tassel 
\Yas amputated. The results from a field of this kind in 0^2 mv also 
included. Such data may be of use in appraising the net i)rolits from 
producing* hybrid seed and also -in arranging eciuitalfie ccniipeiisa- 
tion for the contract-production by farmers for seed ec/nipanies. 

An omnipi-esent additional hazard, of detasseling whirii needs to 
be reckoned with and guarded against is that of deficient |)olleri for 
perfect fertilization. This may result from two cause.S'--droiiglit and 
failure to synchronize the silking and tasseling of female and male 
parents. The effect of either upon yield may range up to partial or 
compiete failure. Drought effects are accentuated by placing de- 
pendence upon one-third to one-fourth of the plants in a field to pro- 
vide an ample supply of viable pollen. Losses from this cause are 
largely" prevented by strategic placement of production fields. Since 
the parental stocks of many hybrids differ in time of flowering, suit- 
able adjustments in time of planting or in diiterential fertilizer ap- 
plication are the remedies for the second cause of imperfect seedset. 
Because experimental data are not needed to demonstrate the un- 
favorable effect of imperfect fertilization of the ears, this hazard, of 
detasseling will not be considered further in this paper. 

EXPERIMFA^TAL PROCEDURE 

(.,)ue test in 1944 wtis designed solely to determine the elTed of removing tlie 
tassels l}efore shedding, without loss of leaf. The corn used was Iowa 9S9 planted 
l.)y hand in K)"hill rows at a double rate and thinned in the seedling; htage n*. two 
plants per lull. Alternating rows were detasseled, the entire test e<')nsisti'ng of 40 
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replications. The ear corn from each plot was dried moisture-free under forced 
draft at ioo° C and yields per acre figured at 15% moisture content. The stalks 
also were harvested from the individual plots and acre yields of stover calculated 
at 15% moisture. The harvesting was done soon after maturity while the leaves 
were still fairly intact. In order to obtain representative moisture samples, the 
stalks were run through a small tractor-driven feed chopper, and 1,500-gram 
samples were taken for drying. 

The objectives of the second test in 1944 were to study the effect of removing 
the tassels both with and without the loss of leaves. The plot technic was the 
same as described above, except that the corn was U. S. 13 and each of 16 replica- 
tions consisted of five randomized treatments. These included removal of the 
tassel togctlicr with o, 1,2, and 3 leaves, respectively, in comparison with the 
nornuil untremed ciieck. 

The operation consisted of pulling the tassels by an upward jerk except that, 
lr»r ].)Lirpose of better control, many of them tvere cut off where needed to remove 
two or three leaves. 

RESULTS 

REMOVAL OF TASSELS ONLY 

The results given in Table i are a summary of the 40 replications 
of the simple comparison in 1944 of plants with tassels versus plants 
without tassels. Detasseling was accompanied by a 0.4% reduction 
in grain yield and 1.5% reduced stover yield. It is estimated that this 
loss of stover approximately equalled the weight of tassels removed 
and not included with the stalks. Although the number of smutted 
plants increased from 2.5 to 5.7% as a result of the stalk injury, the 
smut galls remained small and apparently did little if any injury. 


Table 1. Effect of detasseling without leaf loss on the gnain and' sloven yield of conn 
{Jowa pjp hybrid), iQ44,'‘' 


Treatment , 

Av. number 
of plots 

Stand, % 

Smutted 
plants, % 

Moisture, % 

Shel- 

ling. 

% 

Yield per acref 

Ear 

corn 

Stov- ; 
,er 

Grain 

Stover 

Bu. 

or ■ ' 

, /C 

' Lbs. 

. or ■ 

/o 

Not detasseled 
Detasseled 

40 

40 

98 

98 

1 

1 2.5 
5-7 

^ 32.5 

33>5 

39-4 
! 38.4 

00 00 

b bo 

52.7 
52. .3 

too 

99.6 

2,371 

2.336 

too 

98.5 


40 replications in alternating rows of lO hills each. 
iDifference required for significance (5% point): Grain, i,i bu.; stover, 196 lbs. 


In the other 1944 experiment, Table 2, averages for the 16 repli- 
cations show a reduction of 2% in yield of grain by removal of the 
tassels without leaf injury. An unweighted average of both experi- 
ments indicates a loss of 1.2% due to detasseling. 

DETASSELING ACCOMPANIED BY LOSS OF LEAVES 

^ The comparative effects of detasseling with and without loss of 
leaves are reported in Table 2. Removal of tassels alone reduced 
the gram yield 2% compared^ with the respective reductions of 3.4 

S* 9 j 13 '6/0. foL tli6' Ecid.itioria,l ■pulling' .of the upper i,' 2 , cind. '^'y 

leaves. .The effects of, the leaf loss only may. be noted by regarding 
the clean detasseling as the base for comparison. Removal of i, 2, 
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Table.2— -Effect of detasseling com{U, S. 13 hyhfiii) with and wiikoiit ike loss of 
" ■ ‘ leaves, 'ig44E 


Treat-^^ 
nic'i'U of 
iasscLs 

Num- 

ber 

leaves 

re- 

moved 

Portion of 
total leaf 
area re-, 
moved, 

. Alois- 
ture in 
ear 

corn, 

% ' 

Shel- 

ling, 

r.- 

T est 
weight, 
lbs. 

Vidd of gra 
acre (15* t 
lure): 

in per 
niois- 

w 

/O 

Untreated 

I 0 

' ■ 0 . ■ ; 

27.0 ^ 

i 86.9 

! 55.0 : 

; 54.3 ! 100.0 

102.1 

Detasseled 

1 0 

0 

26.7 

i 'S/m 1 

s 55-2 i 

53.2 i 98.0 

1 00.0 

Detfisseied 

1 ' '; 

1.6 

1 26.5 ■ 

1 86.7 ^ 

i 54-1 ^ 

: 52.4 t 96.5 

98.5 

Detasseled 

2 

4-3 

1 25.5 

1 87-3 : 

i ■54-b 

: 31.1 i 94.1 

96.0 

Detasseled 

3 

8.5 

1 26.0 ^ 

i 87.3 

- 53-7 

: 46.9 SL.4 

88.2 


■■Ywerase of i6 replications of 10-hill rows. 
tLeaf areas based on 100 plants. 

Difference required for significance (3% point): Grain 2.3 bii. 


and 3 leaves were responsible, respectively, for losses of 1.5, 4, and 
in yield of grain. Corresponding actual reductions in the 
total leaf area per plant were 1.6, 4.3, and 8.5^'^, , respectively. It 
lias been noted in ' other experiments (9)’* tliat the iip|:)er leaves 
of plants after the tassel stage are especially efficient l)y Wfiy of pho- 
tosynthesis, far more than are the lower, older leaves. Removal of 
all the plant leaves at this stage of development results in near- 
failure t,() produce grain. This is to be expected since the plant is 
dependent upon its leaves for its pliotosyntlietic activities. Such 
completely defoliated plants yielded 5% in Illitiois (3) in 1926;' 3% 
during 4 years in Iowa (4); and. 6% during 9 Years in Nebraska (9) . 

A CASE OF EXCESSIVE SMUT FOLLOWING DETASSELING 

It is well known that such plant wounds. as are caused l)y wind, 
hail, and tillage are conducive to incrcxised infection by sniut at the 
points of injury. The extent of infection varies greatly with the sea- 
son and with susceptibility of the specilic. hybrid. Likewise, pulling 
the . tassels . invites infection -when inoculum is prevalent, and one 
sees occasional crossing fields in which a- very high, percentage of 
the detasseled plants arc surmounted by a large smut gall. Such a 
field was located in Dodge County,. Nebraska., in 1942, and both the 
effects of the smut and of its removal were studied as follows:"^ 

Sixty-two random groups of three plants each were selected soon 
after the formation of the “top-smuC'"’— two of the plants with smut 
and one without. One of the; smutted' plants in each group had. its 
vSmut gall removed by cutting.' off the stalk just below tlic srnul. At 
maturity the 62 groups, each- containing a smut-free plant, a smutty 
plant, mid one with the smut removed (T'a.ble 3) we, re har\’'estcd for 
grain-^ield determination. 

spioTires in |)arenthesis refer to “Literature Cited”, p. 8n. 

^Acknowledgment is made to Owen Rist, formerly Corn Certification Manager 
of the Nebraska Crop Improvement Association, for cooperation in obtaining 
these data. • , 

^Por convenience, the, smut formed at the top of ' detasseled stalks will be 
designated “top-smut”, although it is caused by the common UstUago maydis. 
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Table 3.' — Ejh'ci of ''top-miuf due to detasseling, upon the grain yield of the ear- 
parent in a cordmercial double-crossmg field, Dodge County, Nebraska, i(j42N 


Condition, of 
plcint 

No. of 
plants : 
harvested 

Grain ; 

vield (15% moisture) 

Per plant, 
lbs. 

Per acre, 
bu. 

. Relative, 

■ or 
/o 

No simit 

62 

0.445 

83.0 

100 

Smutted 

62 

0.240 

44.8 

54 

Smut removed 

62 

0.343 

63.9 

■77 


= 5 =Data based on ( 32 , three-plant groups containing a plant of each kind. Sixty per cent of the 
detasseled plants were affected with “top-smut.” Seed of hybrid U. S. 13 was’'being loroduced in 
this field, with Wf9 X 3S-11 serving as the detasseled parent. 


This had been planted alternate^ with three rows of the de- 
tasseled ear-parent (Wfg X 38-11) and one row^ of the tassel-parent 
(Hy X L317). Sixty per cent of the detasseled plants became natu- 
rally sniuted, the smut galls ranging in size from that of a baseball 
to a medium size grapefruit, and 5delded only 54% as much grain 
per plant as did the healthy plants. As a whole, the detasseled plants 
yielded at the rate of 60.1 bushels per acre. Assuming that there was 
no unequal competition between the healthy and smutted, plants, 
the yield would have been 83 bushels per acre had all the plants 
been healthy. Accordingly, an infection of 60% of the plants with 
“top-smut” due to detasseling caused a loss of 22.9 bushels per 
acre. Cutting off the tops of the stalks just below the. infection in- 
creased the grain yield of the, smutted plants 43%. Such amputa- 
tion of the smut galls throughout the field would have reduced the 
loss from smut to 11.6 bushels per acre. . 

It would appear from this test that large smut galls draw heavily 
upon the^plant substance during their, growth or otherwise unfa- 
vorably affect the plant and prevent the normal .amount, of transloca- 
tion to the ear. The plants were benefited by early .removal ..of the 
smut _ under the prevailing conditions as new^^ galls did not develop. 
The information is too meagre to indicate how universal would be 
the benefit from such smut amputation .in cases of very heavy, in- 
fection. Further investigation of this problem would be liidilv de- 
sirable. ^ . 

In the IQ years of detasseling tests in Nebraska referred to hei’e- 
in, the maximum amount of smut occurring in any year above- that 
in the normal plants, aside from this special '' 1942- field, was 3.8%*. 
These additional smut galls v/ere too- small .or too few to affect the 
yield of grain per acre , materially As judged-, by the' data from me- 
chanically injured corn plants during 9 years of simulated hail stud- 
ies (9), smut inoculum is distinctly ' more ■ prevalent earlier in t.lie 
season than the. iiornial tasseling. ,date in this region. 

In a comparative study in Minnesota ', of'' t^^^ of large (over 
4 inches diameter), medium, and, small -(less ' than' 2' -inches diame- 
ter) smut galls occurring above the ear of" Pi hybrid corn plants, 
Immer and Ghristeiisen (5) found the respective-, highly significant 
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reductioiis ill grain yield of 59%^ 15% for the 2-year peri- 

od of 1928-29. Ill a similar stud}- in' i933^witli various varieties, 
hybrids, and inbred lines, Joliiison and Christensen (7) found mean 
ear-corn 3deld reductions of 86.7%, 33.0%., and for large, 

medium, and small smut galls occurring above the ear. 

DISCUSSION AND CONCLUSIONS 

A review of the literature pertaining to the effects of detassel- 
iiig was given by Leonard and Kiesselbacli (ii) in 1932. The ex- 
periments reported by Dungan and Woodworth. (3) in 1939 and by 
Borgeson (i) in 1943 are the only additional papers noted. 

The various papers have been somewhat contradictoiy in their 
indications, the contradictions arising, perhaps, from differences 
in detasseling and testing technics and from secondari" effects such 
as development of 'Top-smut.” Some of the papers rrere published 
prior to 1900 and their technics are not clearly stated. For example, 
Ingersol ( 6 ) reported a yield reduction of 2 59 c to 35^9 from rletas- 
seling in, i8gi and a con*esponding loss of 57% in 1892. 

Four papers published since 1900 'appear to be of primary inter- 
est with respect to showing the results from detasseling williotii loss 
of leaves. In 1911, Kimbrough (10) reported a loss in grain yicLl of 
1 , 2 % from detasseling. In. 1922, an 8-year average incrcaAi^ of 
was reported Kiesselbacii (8). The resulls were railier variable 
in that during 3 of the 8 j^ears there was a yield reduction. In 1.932, 
Leonard and Kiesselbacli (ii) reported an increase of which 

was not statistically sig.nificant. In 1938, Dungan and ’Wood- 
w^orth (3,) obtained an increase of 1.5% a..nd found this hi be with- 
out statistical significance. 

To summarize the standard detasseling experiments of the pres- 
ent century, including those reported herein, each of three publi- 
cations report a gain of 1.5% and two report a loss of 1.2^; 7 from 
this practice. In an exceptional ease of extre.mely heavy infection 
with top-smut induced by detasseling in 1942,. the yield wms re- 
duced 27.6% below w^hat it would have been had all the pilants been 
healthy. 

The extensive commercial production of hybrid corn in crossing 
fields has created .a special interest in the effect of pulling one or 
more upper leaves along with the tassels, as is of frequent occur- 
rence. Three experiments bearing on this question, including the 
one herein reported,, are ' available. These w^ere conducted the 
Illinois (3), Minnesota (i), and 'Nebraska ag,riciilt 11 ral experimeiil 
stations, and may be summarized as in Table 4. 

Although there was some \mriation in the degree of effect., tlie 
trends were the same in all tests. As an average for the tliree states, 
loss of one leaf reduced the grain '.yield 4.3%, two leaves and 

.three .leaves 16.4%. Results in Minnesota' (i) with hybrids rangi.ng 
from small aiid early to relatively large and late, indicate that the 
eltect of pulling a given number of leaves tends to vary inversely 
with the heritalDle size and maturity of the hybrid. This no doubt 
is due to the small early hybrids having fewer leaves per plant a,nd 
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Table 4.- — Summary of the effects of detasseling with and without loss of 
leaves as reported from Illinois, Minnesota, and Nebraska, 


Grain yield 


Treat- 
ment of 
tassels 

No. of 
leaves 
re- 
moved 

Illinois,* per 
plant 

Minnesota, t 
per acre 

Nebraska, J 
per acre 

Av. of 3 
states, 



Lbs. 

<7. 

/O 

Bu. 

% 

Bu. 

or ■ 

/c 

% 

Untreated 

0 

0.710 

98.1 

— 

— 

54-3 

102. 1 

IOO,,I§ 

Dclasselcci 

0 

0.724 

1 00.0 

48.7 

100.0 

53.2 

100.0 

100.0 

Detasscled 

I 

0.660 

91.2 

47-5 

97-5 

524 

98-5 

95-7 

Detasseled 

2 

0.610 

84.2 

44-7 

91.8 

5 I-I 

96.0 

90.7 

Detasscled 

Detasseled 

4 

0,590 

0.510 

81.5 

704 

39.5 

81. 1 

46.9 

88.2 

83.6 


*Illinois (3), 1938 results. 

fMinnesota (i), averages for six hybrids tested in 1941 and 1942 and five hybrids in 1940. 
iNebraska, 1944 results. 

ITwo states only. 

the leaves removed therefore represent a larger percentage of the 
total leaf area. 

It may be concluded that in commercial detasseling, the field 
should be gone over so often that tassels need not be pulled before 
they have emerged so far that leaves do not adhere to them. The 
saving in yield by careful and efficient operation may offset more 
than the entire cost of detasseling. 

^ As a geneivil principle, detasseling does not materially affect grain 
yields unless accompanied by loss of leaves or followed by a heavy 
infection with smut. 
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investigations WITH THE CASTOR-BEAN 
II. RATE-OF-PLANTING AND DATE-OF-PLANTING 

TESTS’^ 

W. E. Domingo. AND D. M. Crooks^ 

T here was urgent need for information on cultural rnetliods 
for castor beans in the early years of IVoiid War 1 1 when the 
increased demands for drying oils with special qualities focused at- 
tention on the desirability^ of domestic production of this crop. Two 
of the problems investigated ' cooperatively by the Bureau of Plant 
Industry, Soils, and Agricultural Engineering and many state agri- 
ciiltiiral experiment stations were the rate and date of planting for 
those varieties which were used in the program. Mimeographed re- 
portsM)f all phases of the ■ cooperative work include yearly data on 
the rate and date tests and list the cooperating stations and individ- 
uals. The 1941 to .1943 results of the 35 rate-of-planting tests in 13 
states and the 10 date-of-plantiiig tests in 7 states are suninuirized 
herein. 

IMETHODS AND RESULTS 
■ RATE-OF-PLANTING TESTS 

The early work on rate of planting has been approaehc?d on the 
l)asis of a known number of established plants rather tliaii a, known 
anioiint of seed planted, since the latter would introduce questions 
of seed viability, depth 'of planting, emergence, seedling disease, and 
seed treatment. 

_ The 1941 tests were carried to completion at the following 19 loca- 
tions: Mesa, Ariz.; Bard,' Calif.; Quincy, 'Fla.; Carbc:sndale, Equal- 
ity, and Mascoutah, III ; M,aple Hill and 'Parsons, Kans. ; Beltsville, 
Md,; Poplarville, Miss, ; Arapaho, Chickasha, and Stillwater, Okla.; 
and Cliillicothe, Deport, Lubbock {2 tests), Robstowii, and Seotts- 
ville, Texas. It is not feasible to present here the detailed data from 
these tests since, because of the late date at ■whicli the program was- 
started, the tests could not be set. up uniformly in regard to design, 
size, and varieties included. It is of interest, how^ever, to note the 
range of spacings betw-een and wdthin rows that was included among 
the different tests (Table 1). The number of square feet allowed per 
plant varied from 1,25 (36 x '5 inches at Bard, Calif.) to 36 (72 x 72 
inches at Robstowui, Texas). Conclusions. which may be dra,w:ii from 
these 19 tests are the generalizations that the castor bean varieties 
used responded reasonably' well to' a mde range of spacing and that 
the number of plants -per acre seemed' to be 'more important, within, 
certain limits, than the arrangement- or spacing of the plants. The 

, tCoiitribution from the Division -of -Drug and Related Plants, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Resea. rcli Adtainis- 
tration, U. S. Dept, of Agriculture, Beltsville, Md. This is the second of a series 
Oi paper.s covering ctooperative studies on adaptation, variety comp:irisons. iitid 
cultural metiiods. Number i of the series appeared in this Jockxal, Vol. 37, 
pages 750 toy62. Received for publication April 10, 1945. 

Principal Horticulturist in Charge, respectively. 

•D.R.P, 34^ 35, and 40 for 1941, 1942, and 1943, respectively. 
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most satisfactory stand seemed to be .approximately 5,000 to 6,000 
plants per acre, wliicli represents a spacing of 25 to 30 indies be- 
tween plants in 4 2 -inch rows. ' ■ . 

Table i . — Spacings included in the iq rate-of -planting tests in ip4i. 



Also: (i) ,2 planted rows alternated with 1 blank rowf 

(2) 2 planted rows alternated with 2 blank rows ; 

(3) 3 planted rows alternated with 3 blank rows ' 

(’4) 4 planted rows alternated with 1 blank row' 

^Indicates occurrence of test. 

fit was common practice in the last century not to plant certain rows, thereby leavim? space for j 

a wagon during harvest. " , ■! > 

In 1942^ four uniform rate-of-planting tests were completed, one ^ 


each in Kansas, Oklahoma, Missouri, and Indiana. Each test was 
planted with the Conner variety and consisted of four replications 
of 4 X 20-hill plots with one plant per hill. Different rates of plant- 
ing were obtained by varying the spacing between plants within 
42-inch rows. The distances used were 12, 24, 36, 48, and 60 inches. 
Only the center two rows of each plot were used for yield data. Plant- 
ing dates ranged from April 2 7 at Columbia, Mo., to May 18 at Man- 
hattan, Kans. Data on yield, number of racemes per plant, and plant 
height are given in Table 2. It will be noted that yields were reduced 
appreciably by wide spacings, but that yields from 12-, 24-, and 36- 
inch spacings were about the same. For the 12-, 24-, 36-, 48-, abd 
60-inch spacings, the numbers of racemes per plant, as an average 
of the four locations, were 1.43, 2.33, 3-oS, 3-S5, and 3.93, respec- 
tively. When converted to the number of racemes harvested per 
unit row length, the latter values become 1.71, i. 41, 1.25, 1,12, 
and 1. 00, respectively. Thus the number of racemes harvested 
per unit row length decreased with the wider spacings, and among 
spacings which yielded essentially the same (12 to 36 inches) the 
wider spacings would be preferred on the basis of the number of 
racemes which need to be harvested by hand for a given yield. 

Twelve tests in 1943 compared more critically the three closest 
rates used in 1942, and more than one variety was included to de- 
termine whether the same recommendations should be made for all 
varieties. These tests were of the split-plot design, in quadrupli- 
cate, with varieties in the larger plots and rates in the sub-plots. The 
ultimate plots were 4x10 hills in size and only the center two rows 
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Table 2. — Data from raie-oJ~pianUng tests at four locations in 1Q42, saiih the Conner 
variety. in 42 inch rowsC 


Spacing 
within rows, 
inches 


No. of racemes 
per plant 


Plant height, 
i.nch.es 


\ ieid, Ujs. of 
hiSikvi 'he; ms 
c'crc 


12 

24 

36 

48 

60 


12 

24 

36 

48 

60 


Manhattan, Kans. 


*.9 ' ■ i 

102 I 

: 939t 

.4 1 

102 1 

i S69t 

-.1 j 

105 ; 

: 877t 

■4 i 

106 i 

^ 756 

•9 

ioi- i 

: ' 77 ^ 


Stillwater, Okla. 


1.2 

70 

775t 

i.s 

63 

759t 

2.6 

67 

879? 

2.9 

1 70 i 

: 87ot 


67 

782t 


I 

1 


'^•'Data are means of four replications of approximately r/iQO acre each. 

tThis mean yield is either the highest at the location or it does not differ sir.rdfitMnrly (5% 
level) from the highest yield. ^ 

JData did not permit statistical analysis. 

.were used for yield data. In areas where clieck-plaiitiiig is coninion 
the spacings of 12, 24, and: 36 inches between plants were approximat- 
ed using 3,2, and i- plants per hill, respectively. The yield data 
from, these 12 tests are .-.presented in Table 3. Exaniinatioii of the 
data shows that in 6 of the- .12 tests the jhelds from the three rates 
did not differ significantly.' In four of the tests the differeiK*es were 
significant and in favor of the closer spacings. In the reniaiiiiiig two, 
differences were significant and in favor of the wider spacings; liow- 
ever, one of these (Stillwater,- Okla., -1.2, 24, and 36 inches belwteii 
plants) deserves special attention because of the significance nf the 
interaction between rates '.and varieties. Since this iiidic'utes lliai 
all varieties did not respond alike to the different rate's each vari- 
ety must be considered separately. When this was «lfme, the yield 
differences (for rates) within Conner and within Kentucky 38 'were 
found to be nonsignificant, : whereas those within xDoughty i i were 
highly significant in favor of the wider spacing. Thus" in all cases, 
except (i) the Stillwater test with Conner in i, 2, and 3 plants per 


1 ,2771' 
i ,3c it 
1 ,2 1 5 r 
1 ,2701 
! ,ei2 


041) 

913 

SHU 

74'5 




Columbia, Mo. 


12 

2.1 

1 

i 


24 

3-7 

1 

j 

— 

36 

4.6 

i 

— 

48 

54 

j 

— . 

60 

6.2 

1 

— 



Lafayette, Ind. 


12 

,i.5 

1 

89 

24 

2.4 

i 

-92 

3^> 

2.9 

-.1 , 

93 

48 . ^ 

3.5 

1 

91 

60 i 

3.6 


92 


Table 3. \telds in pounds of hulled beans per acre of rate-of- planting tests at 12 locations in 1943, tests induding more than one variety 

____________ for inforniation on rate X variety interactions. " ' 
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hill and (2) the Doughty ii variety in the Stillwater lesr tidng r. 
2, and 3 feed between plants, the yield diriereiices were citinr imri- 
signiiieant or in favor of the closer spacirigs. 

It will be noted that both of the tests siiowing s.igiiihcanr -yielrl 
differences in favor of the wider spacirigs were at Siih water, f)lla. 
This suggests a rate X station iiilerai'iinn vrhieli. if eurtlnred Ip' 
additional work, might result in the rccomniendatioii eg' liiiierc-iit 
rates for different areas. 

When the data on number of racemes per plant from all ipj.;.] rato' 
tests were averaged, the following values for 12, 24, and 36 inch 
spacings were obtained: Conner, 1.4, 1.9, and 3.0: Doughty ii, i.i. 
1. 8, and 2.7; and Kentucky 3S, 2.5, 3.7, and 5.1, respectively. When 
converted to iiuiiiber of racemes per unit length of row, trie values 
for 12, 24, and 36 inch spacings become Conner, 1.40, 0.97, and 
1. 00; Doughty II, 1.22, 1. 00, and i.oc; and Kentucky 3S, 1.47. i.io. 
and I'.oo, respectively. These data shotv that approximately the 
same number of racemes were harvested per unit row lengtli for the 
36 and 24 inch spacings, but this value increased aiiprccialily at 
the 1:2 inch spacing. The 1943 data as a whole indicate that witli these 
varieties there is little assurance that spacings of 12 inches or even 
24 inches will outyieki 36 intii spacings, and that hand liarvest 
would be easier in the 24 and 36 ineli spac'iiigs lieuause c^f fewer ra- 
cemes. 

DATE -OF-PLAKTl XG TESTS 

Since this species is of tropical or subtropical origin, it seemed 
that the plant might require a late planting dale, yet its lia,l')it of 
continually producing and maturing racrenies until frost indicated 
that to obtain the maximum yield it should be planted at tlie ear™ 
liest possible date. 

Four uniform clate-offplantiiig tests with the Conner ■\airiety 
were conducted in, 1942, one each in Kansas, Oklahotria, .Missouri, 
and Illinois. The Kansas and Illinois plantings were made from inid- 
x\pril to the last of June, the Missouri plantings were made from mid- 
April to mid-June, and those in Oklahoma were made from early 
April to mid-May. The plots, replicated four times, were 4. x 20 .hills 
ill size with one plant per hill and only the center two rows used for 
yield data. Data from the tests are presented in Table 4. At klan- 
hattan, Kansas, the mid-April and early ilay plantings yielded 
essentially the same, but both yields were sigiiitleanl ly greater than 
those from all later plantings. At both Urbana, III., am:! Columbia, 
Mo., the earliest plantings (April 14 and 21, respect ii'ely I yiikled 
more than any later planting. At Stillwater, Okla,, tbe’‘lrst, 
ond, and last plantings (April i and 15 and May 15) yielded approx- 
imately the same and significant!}" more than the l\Uiy 1 planting. 

The six 1943 tests were conducted at Mauliattan, Ivans.: Lexing- 
ton and Princeton, Ky.; Stillwater, Okla.; l\nox\'ilk% Icnm; and 
Beeville, Texas. The dates of planting, listed in Table 5, were at 
approximately 2-week intervals from late March in the klanhal- 
tan and Beeville tests to late Jtme in the Lexington and Princeton 
tests, To detemiine whether different varieties respond alike to 
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Table from date-of -planting, tests of the Conner variety at four locations 

in 1^42. 



Average No. 

Average 

Yields, lbs. 

Da'te of planting 

of racemes 

plant height, 

of hulled beans 


per plant 

inches 

per acre 


Manhattan, iTans. 


Apr, 1 6 A . . . 

3-7 

1 14 

hiav i 

3.8 

102 

AS 

2.4 

107 

|iine 2 

1*5 

115 

fun e 27 

I.O 

Urbana, HI. 

109 

Apr. 14 

j 2.4 

129 

A]ir. 30 

1.6 

I3I 

Mav 19 

1. 1 

137 

Mav 29 

I.O 

132 

lunc !5 . 

0.3 

123 

jiine 29 . 

O.I 

1 12 


Columbia, Mo, 


Apr. 2! . 
Mav 5 . 
May iS 
June 2 . 
June 16 
June 30 


5.9 

4.8 

3.6 

4.0 

3.5 

2.6 


1,276* 

1,202* 

938 

564 

321 


1.548* 

1,084 

806 

536 

9 

7 


0574 "' 

'1,272 

1,150 

895 

604 

344 


Stillwater, Okla. 


A'pr. I 

2.7 

70 

785* 

Apr. 15 

3.0 

71 

834* 

Mav I 

2.2 

68 

703 

'Mav 15 

1 2.1 

64 

798* 


*This mean is either the highest at the station or it does not differ significantly (5% level) from 
the hignest yield. ' ' , ' , 


dates of planting, the Conner, Doughty ii, and Kentucky 38 vari- 
eties were included in all tests except the one at Beeville where only 
Doughty n was used. Those tests having more than one variety 
were of the split-plot design with dates of planting in the main plots 
and varieties in the sub-plots. The sub-plots were 4 x 10 hills in size 
and in quadruplicate. Only the center two rows of each plot were 
used for yield data which are presented in Table 5, Except at Still- 
water where plots of only two dates W'ere harvested, yield differ- 
ences were found to be significant at all locations, and the highest 
yields were obtained from the earliest plantings. At Manhattan 
the four planting dates from March 30 to May 18 gave similar vields, 
but differences between each of them and the May 30 yield were 
highly significant. At Lexington the two April plantings yielded 
pgmficantly more (1% level) than all later plantings, May plant- 
ings yielded significantly more (1% level) than the June plantings, 
and the difference between the yields of the mid-June and the late- 
June. plantings was highly significant. At Princeton the differences 
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Table 5. — YieMs in pounds^ nf hulkd beaus per acre of date-afpianling lesu's af six 
locaiions in ig 4 J, most imis including more than one variety for dale X variety 

interactions. 


1 


Vari 

ety ■ 1 

Lea;^! higniiicfiiit; e- 

D.'ite of ! 




citle'rcn.'L. j 

ni' uate X 

planting I 

i 

1 

Cotiner 

: Doughty 
' ii ' 

1 Ken- ; Aver- . 
tacky 38 ' a, go 

' inter:':' •lions 

0 ■■ € i v: 


Alanhattan, Kans. 


Alar. 30 

1 ,048 

1,070 

L370 

1.163* ■ 5,34 

1 80 

Apr. 15 

1,199 

XI 43 ' 

i,ioS 

1 , 1 5O"" 1 — ■ 

— -- 

May I 

.1,1 10 

1,044 

IA 59 

1,104'^' :■ ■ 

— 

May 18 

1,205 

X193 

IA 93 

1 , 1 . 97 " i: 

— 

IM’a}* 30 

762 

1,037 

974 

Lexingtr 

924 ; 

m , Ky. 


Apr. 8 

1,528 

1 .365 

1 1,167 ■ i 

; ^ 353 "^' 1 1 28 i 

1, 7 1: : 

Apr. 27 

1 U 339 

1 X383 

1 998 ! 

! .1,240'^ 1 — - 

— 1 

M‘ay 17 

1.146 

1,098 

1 871 1 

; L03S i — i 

— i 

iMtiV 29 

X055 

' i,n4 

i 938 1 

; 1,036 : i 

- < 

jiipo 12 

508 1 

630 

1 546 ! 

i 562 j : 

; — 1 

J'’ime 24 

0 1 

0 1 

1 198 : 

1 . 66 ! ■ ■ i 

; - i 


Princeton, Ky. 


Apr. 29 

i:,i 24 

1 , 2 16 

965 

1 , 102 * ’ 1.67 


.N.lay 26 

856 

753 

704 

771 1 ^ — 

1 

June 23 

38 

9 

96 

48 1 






Stillwater, Ok la. 


Apr. I 

■403 

318 

1 308 

1 343 1 


Ap'r, 13 

324 

308 

i 342 

i- 323 i — 





.Knoxville 

y Tenn. 


]\iav I i 

i 1,214 ^ 

1 1,116 

936 

1 , 089 * 1 ifX) 

216 i 

-VIA 17 

835 

1 1,160 

861 

952* i ■ — 

, 1 

June i 

650 : 

! 873 

753 

752 1 

j 

June 15 

495 : 

i 454 1 

387 

: 445 ! i 

; j 




BeeviUe, 

Texas 



Alar. 25 

— 456 

456" 

75 

103 

No 


Apr. 8 ■ 

335 

335 

— . 

— — 



Apr. 22 

, 215. 

215 

“ — 





May 6 

, 237 

. i 237 . 

— . 

, — 



Alriy 20 

,■ 239. . 

~ 1 239 ' 

1 1 

i ™ — j 



June 3 

. • ■ 203-. 

— — .1 ■ 203 

i ' . ; 

— j 



*Either_t 

liis inetm yield is the highest at the station or it does not differ sicnirh 

'rtntly tsYe 

ievel 1 


from the htigliest- one. 

between the April yields and those of later dates were hinhly sij^- 
nificant as was the difference between the May ami June yiOds. in 
the Knoxville test the May plantings produced similar yicUls but 
both were significantly greater than the Juno yields, 'i'he eariicst 
planting at Beeville on March 25 yielded signilicaiuly more ( 1 % 
level) than all later plantings. In only the Lexington test did all va- 
rieties not respond alike to the different dates of planting. The lack 
of agreement between varieties in that test was the less abrupt de- 
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crease in yields of Kentucky 38 from the early to the late dates of 
planting, as would be expected by its somewhat earlier flowering 
date. 

DISCUSSION 

Considering both yield and ease of hand harvest of the present 
varieties, the optimum spacing between plants in 40 or 42 inch 
rows (no blank rows) appeared to be 2 or 2>d feet in 1941, and 2 or 
3 feet in 1942 and 1943- Since this problem was studied on the basis 
of the number and spacing of established plants rather than on the 
actual amount of seed planted, further work will be necessary to 
determine what rate and depth of planting and what seed treat- 
ments are necessary to produce the optimum number and spacing 
of plants. Until this has been done it will be necessary to estimate 
seeding rates from knowm seed weights and observed emergence rates. 
With seed of medium to good quality it is reasonable to expect that 
about 50% of the beans planted in a good seedbed will produce es- 
tablished plants. This seems a low percentage of established plants 
compared to some other crops, but it is substantiated by observa- 
tions on field plantings. On this basis 10,000 seeds per acre would 
be required to produce the desired 5,000 plants. The weight of 10,000 
seeds will vary from 7 to 10 pounds with the common varieties, 
depending on the seed size, but roughly 10 pounds of Conner, 8 of 
Doughty II, and 7 of Kentucky 38 would be required to plant an 
acre under favorable conditions. These rates can be obtained easily 
by proper adjustment of an ordinary corn drill, using extra thick 
plates to accommodate the larger seed. 

The question of rates of planting as they are related to ease of 
hand harvest deserves further attention in certain areas. Some grow- 
ers, especially under conditions of limited rainfall, have felt that 
harvest was easiest in the closest spacings (even though the total 
number of racemes was greater) since the smaller number of racemes 
per plant resulted in more uniform maturity of the crop and there- 
fore fewer harvests. 

Another factor necessitating further rate-of-planting work is the 
development of small-stemmed varieties for combine harvesting, 
where the size and number of racemes are not important factors’ 

As with many date-of-planting tests it was not practicable in these 
trials to prepare the seedbed for each planting date as thoroughly 
as was done for the first one. In general, the seedbeds for all plant- 
ings after the first were increasingly compact largely because of rain. 
The extent to which this and associated factors affect yield has not 
been determined. 

Examination of the two 3mars data on date of planting reveals 
that in Tennessee, northern Oklahoma, and points north, yields 
with these varieties mighty be reduced materially if planting is de- 
laj'^ed until the last half of May or later. Further, within the peri- 
od before late May there were yield differences in this area in favor of 
very early planting. Extremely early planting, however, is not rec- 
ommended because of the difficulty of seedbed preparation the 
danger of freezing weather, the slower and possibly less complete 
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germination, and more seedling disease in colder soil. It de- 

sirable to plant when the clanger of frost is clpriy past, am-i the sed 
begins to warm up, which is earlier in the ' lighter soils. Tlie opti- 
mtiiTi planting date in most of ilie region <s’ adanta^ioi' appalls 
to be a few clays earlier than the opiirniini corn-plan ling lirnc [nr 
the particular area. . ' 

SUMMA.RY 

Thirty-five rate-of-plantiiig tests and lo date-nf-p!an:ing tests 
were conducted with the castor bean plant from Tgci tri rfj43 at 
various locations in the southern half of the United Slates. This 
early work on rate-of-planting was done with a known niiniricr of 
established plants rather than a known amount c;i: seetl i)laiu:d since 
the latter introduced questions of viability, depth of planting, 
emergence p seeclliiig diseases, and seed treatnient. The number of 
plants per unit area is an important factor in determining yield, but 
with a given number of plants the present varieties adapt i lien elves 
readily to various spaciiigs and arrangements, (hi the tiasis yield 
and ease of hand harvest (number and si^e of .raceiiu'sh tlie 0])U!mim 
number of plants appears to be about 5,000 |)er acre, wliiidi is mugli- 
ly one plant each 2P2 feet in 40 or 42 inch rows. The simcing within 
the row can vary between 2 and 3 feet wiihoui greatly alTeciing yieltl 
or ease' of harvest. Also, similar yicids ('an hv (axiiecled l\v nsiug (lie 
equivalent number of plants in cheeked roves. On the basis n{ liOd 
observations with average C]ua 1 ity seed of the conimon variiJii'S in a 
good seedbed,, this number of plants will be ptVH:hic‘cd by Si'cding 
approximately 10, S, and 7 pounds of the 'Conner, Dnugiit)’ ! }, and 
Kentucky 38- varieties, respectively, per acre. 

Compa.,rison tvas made of yields ■frorii plantings iiauli' ns early as 
March 25 (at Beeville, Texas) and as late as June 30 (at Itiuni- 
bia, Missouri). As would be expected with a plant hax'ing an indc- 
temiinate growth habit, the' greatest yields were produced in 1he 
■earliest plantings. It .is not recommended, however, tliai: pkintiiig 
be done extremely early because of the difficulty of seedbed pre- 
paration, the danger of freezing weather, and germination prob- 
.lems in cold soil. The 'optimum planting date in most of the region 
of adaptation appears to be a few days- ahead of corn planting lime 
for the particular area. 



SODIUM AS A PLANT NUTRIENT AND SUBSTITUTE 

FOR POTASSIUM i 
M. E. Holt and N. J. Volk^ 

L flRGE quantities of sodium nitrate are used in soutlieastern 
^ United States as a source of nitrogen for nonleguminotis crops. 
Results obtained on some of the substations, and from tests con- 
ducted cooperatively with farmers, have indicated that the sodium 
in sodiiini nitrate may be pla3dng' an important part in increasing 
the yields of crops growing on certain soils. A stud}^ of the litera- 
ture reveals that considerable work has been done on the problem 
of tlie role of sodium in plant nutrition, but there is considerable 
ilisagrecinent in the interpretation of results by different workers. 

Andrews and. Coleman (i)’^ found that a fertilizer containing 8% 
Nc'LiO and no K2O increased the ^deld of seed cotton 195 pouncls per 
acre when compared with yields obtained in the absence of both 
sodium and potassium. Cooper and Wallace (3) have shown that 
cotton yields on plots that received sodium nitrate were higher than 
the Auelds on plots that received calcium nitrate. The}^ also found 
that sodium chloride caused an increase in \delds when potash was 
not applied, and, when applied in combination with potash, it con- 
tinued to give a marked stimulation. 

It has been shown by Till, Byall, and Hurst (8) and many other 
workers that sodium when applied to the soil for sugar beets gen- 
erally increased the total yield and the number of commercial roots 
produced. Selman (13) concluded that sodium is useful to. certain 
plants, though not always essential. Hartwell and others (4, 5, 6, 
7) stated tliat the response of plants to 'sodium is due to the capac- 
ity of sodium to substitute for potassium in performing some func- 
tion in pjarit metabolism rather than to its nutritive value. Another 
group of workers, too numerous to list has obtained results, which 
they believe indicate that the beneficial, effects from sodium are 
due to its effect' on the availability^ of - soil potassium. Osterhout (9, 
10, II, 12), reported; sodium to be of no nutritive value .to plants.. 
. .The study reported herein was started in 1938 for the purpose 
of obtaining further information on the role of sodium in plant nu- 
trition. 

GREENHOUSE TECHNIC ■ 

^ Sand cultures were used in the greenhouse phase of the stud\a Two refinements 
ot tlypcusto!uar\- sanchculture technic were used which helped tremendous! 3^ 
in elirrsina. ting \uiria. lions in plant growth resulting from factors other than the 
com] )osi lion of the nutrient solution, as follows; 

(a..) Su].>pl:ri.r]g plants with iron in the presence of soluble phosphorus is difth 
cult in sand culture technic. A number of methods rvere tried and it was dis- 
c'ovcrcd al>out 2 grams of finely ground good quality iron ore tlioroiighlv 
mixed witli the sand in 2 -gallon jars kept all crops well supplied with iron. 

d;:Gntribution from the Department of Agronomy and Soils, Alabama Agri- 
cultural uxperiineirt Station, Auburn, Alabama. Published with the approval of 
the Director. Received for publication April ,i'6, 1945. 

“Graduate _ Assistant and Head of Department, respectiveba Manuscript 
prepared Igviunior author. 

^Figures in ])arcnthesis refer to ‘"Literature Cited”, p. 827. 
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(b) Overwatering plants growing in sand culturcsjs common. To ovei\'ome 
this hazard it was necessary to keep a drain open at tlie bottom of the jars at all 
times. Nutrient solution tliat passed through was caughit in a cjuari glass jar 
])lacrd below the drain. The 's tr.bi drain? and t he tpiml glas^ tars c’v nainud 
black to retard the growth of a.lgae. Once a djiy enough water was ad^iet! In the 
leachate collected in the jar to fili it, and tlie entire content was pen i red back on 
tlie sand. Such a system kept the nutrients spread tlirougiioiit llm column of 
sand anti at the .same time allowed for the addition of greater ttCud of plant 
nutrients without salt injury. This system of watering wr;s found to be ex( elleni; 
also for moderately sandy soils. The range in the quarility of ijotassiiirn and 
sodium to l;)e tested was determined in preliminary experiments with cotton. 
After these data were available, ^ an experiment was ^started, wi^k crg.ion, oais, 
wheat, sugar beets,' vetch, Atistria'ii winter peas, and turnip-, 'rwo-aahoii pots 
were set up in quadruplicate as^descrihed previously. The nutrient solution used 
contained adequate amounts of N, P, Ca, B, Ivig, Mii,_ S, Zn,jand CL Finely 
ground iron ore and mono-calcium phosphate were added in solid forms ami mixed 
with the sand. The potassium was varied from o to 144 pounds r)er acre of Kj3 
(applied as KGl), and .sodium (applied as NaCl) was supplied it:* cciic eoiriplete 
potash series at a, rate of pounds of Na^O per acre, which is eqtiiwiler.l to the 
Na-jO ill 1,800 pounds of Natshd-j per acre. 

RESULTS OF GREENHOUSE TESTS 
EFFECT OF SODIUM ON PLANT GROWTH 

vSodiurri was effective in. increasing the growth rh' all sevmi crops 
when potash was left out of the nutrient solminn, IIk, gncatcsl idL 
feet was with cotton, sugar, beets, and turnips, all of whicli show 
an increase of over 100%, (Table i). All crops exi^ept \a‘lch respund- 
ed markedly to sodium when.' 9 pounds of K2O per at' re add- 
ed; all crops except vetch and Austrian winter pi\as respontled vig- 
orously when 18 to 36 pounds of KX) were added pin acre. At the 
level of 72 pounds of potash per acre, only oats, wheat, and sugar 
beets responded markedly to socliu'.m., and at the level of 144 puitiids 
of potash, only oats aiicl sugar beets .responded ap|)riHdably. How- 
ever, ill only one case did sodium, fail to produce aii iiicre*asi* in growth 
and that was for Austrian winter peas at a concent ratiim rh' 144 
pounds of potash per acre. From the average percentage increases in 
growth due to sodium, at. different levels of .potash, it is apparent 
that sodium substituted pa.rtially for potassium in the nutrition 
of the plants studied. It also appears that sodium functioned as an 
essential plant nutrient for some crops, notabty oats, tvheat, and 
sugar beets. 

SODIUM-POTASSIUM RELATIONSHIPS IN THE PLANTS 

Bower and Pierre (2), in a study- of crops grown on higli-liiiie soils, 
found that the sodium content of, different plants varied greatly. 
This was found to be true for the seven crops testcti 1)y tii(‘ aiitlmrs. 
It appears that sodium in. the nutrient media liad little or nu effect 
on the percentage of potassium in the plant, tissue, but, on tlu^ other 
hand, the concentration of the potassium in the nulrieni media 
had a tremendous effect on the percentage of sodium in the plant 
tissue {Fig. 1). The concentration of potassium in th(‘ plant tissue 
increased as the concentration of potash in the nulrieni solution 
was increased irrespective of the sodium in the nutrient media. 
However, the concentration of the sodium in the plant tissue fell 
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^1. Yield^of plants grown in greenhouse mnd cultures fertilized with different amounts of potash, hath with and without sodium 
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Fig. i. — Averajt^e concentration of KJJ and NriJ-l in the t]r\' nMlU‘r seven 
different, crops (('otton, oats, wheal, sin^ar lieels, veic'n, Aii>trian winO'r pea.s. 
and turnips) grown in greenhouse sand cnltnres fertilized witfi different ain* amts 
of potash botli with and without the addition e»f sodinin (XaCfl), 

very rapidly as the potasdi level was raisetl. After a stA'iTc initial 
decrease, which resulted from, the application of a siiia!l ainoiint 
of potash, the concentration of sodituii in the |)lant. tissiK‘ hitrcanie 
approximately inversely proportional to the p(4 ash coiicentra- 
tion in the plants. 

THE EFFECT OF SODIUM ON- NUMBER OF COTTON BOLLS 

During the experiment previously described, it was noted that 
in most' cases the cotton fertilized wdth sodium produced more bolls 
than the cotton receiving only potash. To study this phase of the 
problem, an experiment was set up in wdiich both sand and soil cul- 
tures were used. The potash. level tvas varied from o to 576 pounds 
per acre .for the, sand cultures, and from o to 144 pounds fjer acre 
■for. the, soil (Tables 2 and 3). Sodium was applied as described in the 
previous experiment. 

The number of bolls that matured was materially greater in all 
cases where sodium was added, except when the potash levc'l reaidied 
288 pounds per acre in the sand culture and 36 poiuals in the soil 
culture. This fact may account for some of the favoritism sIlavii 
by farmers for sodium nitrate on certain types of soils that are low 
in available sodium and potash. 

FIELD TESTS WITH COTTON 

Results obtained from cooperative tests conducted with farm- 
ers in southeastern Alabama on sandy soils of low fertility indicate 


HOLT AND VOLK : SODIUM AS A PLANT NUTRIENT 82 5 


Table 2,— Number of cotton bolls matured in the greenhouse sand cultures fertilized 
with different amoimts of potash, both with and without sodimn. 


Pounds of 
potash applied 
per acre* 

Number of bolls matured on plants grown in 
six 2 -gallon pots 

Increase in 
number of 
bolls due 
to Na 

Minus Na 

Pius Naf 

0 

0 

7 

7 ' 
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14 i 

35 

1 2'I 
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26 

37 

I ,I 

72 

30 

45 
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144 

37 

45 
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288 

43 

46 

3 

v 576 

40 

39 

-I 


Ad equate amoimts of N, P, Ca, B, Mg, Mn, Fe, S, Zn, Cu, and Cl were applied. 

, tNaCl was applied at a rate to give 650 pounds of NaaO per acre which is equivalent to the Na^O 
in 1,800 pounds ot NaNOj per acre. 


Table 3. — Number of cotton bolls matured in the greenhouse Norfolk sandy loam 
cidtures fertilized with different amoimts of potash, both with and without 

sodium.'^ 


Pounds of 
potash applied 
per acref 

Number of bolls matured on plants grown in 
four 2-gallon pots 

Increase in 
number of 
bolls due to 
Na 

Minus Na 

Plus Naf 

0 

0 

6 

6 

9 

5 

14 

'9 ' 

18 

12 

16 

4 

36 

17 

19 

2 

72 

23 

22 

, -I 

144 

22 

21 1 

-I 


tAdequate amounts of N, P, Mg, B, Cu, Mn, Zn, Fe, Cl. Ca, and S'were applied, 
was applied at a rate to give 650 pounds of Na.O per acre which is equi 
NaU m 1,800 pounds ot NahiOa per acre. 


20 years, 
equivalent to the 


that beneficial results were obtained from the application of so- 
dium, in the form of sodium nitrate (Table 4). Cotton that was' fer- 
tilized with sodium nitrate produced an increase of 98 to 213 pounds 
of seed cotton over that on adjacent plots fertilized with animon- 
ium .sulfate.' Lime, was ' applied to the ammonium^ sulfate plots 
in quantities sufficient to neutralize the soil acidity produced bjt the 
fertilizer. It could be "argued, of course, that for Wton the nitrate 
form of nitrogen is more efficient. However, results obtained at 
nine locations on productive soils -(substations.' and experime.nt fields 
in Alabama) show definitely that -when lime was added to neutral- 
ize the acidity of ammonium sulfate .and when sodium apparentlv 
was not deficient,, the two sources, of -'. nitrogen were ec]_uallv "efficient 
for the production of seed cotton,!, e., 1,369 pounds of seed cotton 
were, produced with sodium nitrate and 1,353 .pounds with am- 
.monium sulfate, . 
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Table 4. — Yields of., seed cotton' obtained on jleld pints fertiHoed ^uilh din'ereiii 
amowiis of poias'h and two sinirres rf nitro^^enY' 


■ PounUi^ OT Hv'C' ! ' 


Fertilizer ap- 
plied at 
rate of 600 
].)Oi.inds per 
acre 

Number 
of test-b 
repre- 
sented 

Source of iiitr 

:)gen 


plus 

lime to r.eutralize 
add 

0 

seed iCnUon 
due to Na 

[ 

. 6-8-4 ' 


792 

931 

i 139 

: ■ ■ 6-8-8 

4 

863 

1 ,076 

I 213 

6-8- 1.2 

10 
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I '^35 

10-8-4 

10 

1 935 

1,084 

i 14Q 

1 98 

,10-8-12 

1 9 

1 ,070 

1,168 


^Cooperative tests with farmers on sandy- soils of low fertility. 


SUMMARY AND CONCLUSIOXS 

This study was iiiidertaken for the purpose oi olntainiiig' addi- 
tioiial iiifonnatioii on the role of sodiui.n in 'plant lunrition. (tircfeiu 
house and field experiments .were eoiiikietc'c] in wliieii ihoiash was 
supplied to plants in varying a...nK;niiits with r»r without th(‘ addition 
of sodium. Idle results of the investigation are as follows: 

I. Sodium applied to sand cultures in the absence of potash in- 
creased the growth, of. the seven crops tested by an average of 
the smallest increase being 17.1% for Austrian winter peas and the 
largest being 185.8%. for cotton. 

-2, -The beneficial effect of sodium on plant growth in the green- 
house, in general, decreased as the potash level of the liutrieni me- 
dia increased, but not in direct proport io,n to it. 

3. Sodium increased the number of bolls that matured on cot;ton 
grown in the greenhouse on. both sand and soil cultures when the 
potash concentration in the nutrient media was less than about 
300 pounds of potash per acre. in the sand cultures and less than 72 
pounds of available potash per acre in the soil cultures. 

- 4. The concentration of sodium, in the plant tissue, after a severe 
initial decrease from the ap.plicatioii of a small amount of potash, 
became^w.ith additional potash application approximately inversely 
proportional to the potassium concentration in the plants. 

■ 5.: .Results obtained from. 47 field tests wfitli cotton grown on sandy 
soils of low productivity, show that the addition of sodium increased 
the yields of seed cotton by 98 to 213 pounds per acre. 

6. The results indicate, that plants vary in llieir lu^tvl f(jr and ca- 
pacity to utilize sodium, that lor some plants sodium may be an 
essential nutrient for maximum ' growdli, and that sodium can l)c 
substituted for potassium: to a -variable extent, depending on the 
kind of plant. 

7, Beneficial results may be expected from the application of 
sodium to soils either low in available potassium or sodium, or both. 
The substitution of other forms of nitrogen in place of sodium ni- 
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trate as a source of nitrogen for sandy soils may in time necessitate 
tlie addition of vSodium in some form to obtain maximum yields 
of some crops. 
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„ , . . WINTER INJURY AND LONGEVITY IN UNSELECTEB ' 

^ ■ : CLONES FROM FOUR WILT-RESISTANT VARIETIES 

OFALFALFA^ 

Fred Reuel Jones- 

B eginning in 1938, alfalfa plants have been grown in increas- 
ing numbers as clones chiefly for the purpose of obtaining more 
conspicuous differences in reaction to diseases than is apparent 
among single plants. Wilt-resistant and. hardy varieties have been 
used, and the management of the nursery has been designed to fa- 
vor longevit}^ in these clones. No winter' of extreme severity has oc- 
curred during the liistory of these clones; yet after 4 winters many 
of them have died and others are . deteriorating fro.m conditions 
which have been ascribed in the past to the complex called win- 
ter injury. A few clones have suffered little from such injury. Thus 
it appears that clonal propagation as practiced in this nursery has 
made differences in abilit}^ to withstand the usual clinmtic haz- 
ards of the region more easily and unmistakably observable aiiioiig 
plants just as it has emphasized differences in reaction to diseases 
caused by parasites. However, .since diseases caused by parasites 
did cause in jury, and death of clones, it seems necessary in this re- 
port to review the evidence upon which it is believed that the i.ti- 
jury which they caused wars more or less clearly distinguished from 
winter injury, and also to state how some of them may have m,odi- 
■fied. the 'Consequences of that, injury in hastening the 'deterioration 
and death of clones. A more precise examination of the distinctions 
made here. must await the development and appropriate study of 
new nurseries, of clones selected to show more extensively the sev- 
eral c.haracte.ristics distinguished; but even' in advance of this and 
the revisions of point of view that .may follow, the fact that clones 
have differed strikingly in longevit\" indicates even now that the 
clonal nursery can be made a valuable adjunct in the selection of 
strains of alfalfa that shall have increased ability to persist as well 
as a most necessary tool in the discover3?- of the reasons for this per- 
sistence. 

A statement of the seemingly pertinent events in this nursery and 
an extension of the previous description (3)'"^ of injury has been made 
in the development of the' evidence that winter injury as judged by 
observation is by itself the important agency' in the selective de- 
struction of aging plants under conditions considered favorable for 
survival, and that this winter injury appears to be widely different 
ill character and consequences in different clones. Thus a new ba- 
sis for selection for longevit}^ in alfalfa is suggested. 


^ConlTibutioii tTom the Division of Forage Crops and Diseases. Bureau of 
]dant Industir, Soils, and Agricultural Engineering, Agricultnra! Researep. 
Administration, U. S. Dept, of Agriculture, in cooperation with llie Wismusiii 
Agrieultural Exi3eriinent vStation, Madison, Wis. Reeeived for puMication Aoril 
2.G, 1945. 

hSenior Pathologist, Division of Forage Crops and Diseases, Burcai! of Plruat 
Industry, Soils, and Agricultural Eiigmeering. 

'Figures in parenthesis refer to “Literature Cited*’, p. 838. 
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WINTER INJURY AS A CAUSE OE DEATH IN OLD ALFALFA PLANTS 

While winter injury has been; previously described in iiiucli de- 
tail, its effectiveness in destroying old plants has not been fully eval- 
uated. The extensive experimental work in which winter injury has 
been described need not be reviewed in detail here. The first. paper by 
the writer (3) describing winter injury was largely a prelude to the 
investigation of the relation of that injury to infection by wilt. Wei- 
mer (9) produced some of the injuries experimentally, and observed 
the time and rate of healing. Peltier and Tysdal (6) described a,ncl 
discussed these injuries extensively in connection with studies of 
hardiness in alfalfa. In none of this work does it appear to be recog- 
nized that some kinds of injuries lead almost inevitably to the de- 
stmction of plants in old age. Observation of such occurrence in 
the field was handicapped at the time by the fact that most of the 
alfalfa under observation then was susceptible to wilt and died early 
from this disease. 

With the introduction of wilt-resistant varieties observation of 
older stands became possible. Graber and Jones (i) record the rate 
of thinning in Ladak and Turkestan in an experimental field in 
Wisconsin and note the apparent acceleration of the thinning in 
one spring and summer in consequence of injury during one winter, 
but do not ascribe the continued thinning to this injury. Wilt was 
an obvious factor in the thinning of these plots, and other possible 
factors could not be distinguished by obseiwation alone. 

In previous controlled experimental work with winter injury, 
young plants, not over 2 years of age at most, were used., and em- 
phasis was placed upon the ability of these plants to heal internal 
cracks originating from the separation of cells. That ■ such injury 
in older plants might be slower in healing and might lead to almost 
inevitable deterioration and death under field conditions docs not 
appear to have been considered. 

PREPARATION AND CARE OF THE NURSERY . 

The nursery from which most of the data presented here were ob- 
tained was planted early in the spring of 1940. Seedlings of Ladak,.. 
Hardistan, Orestan, and Ranger (then A136) had. been planted 
sparsely in flats, and cuttings prepared from all plants in . a popu- 
lation, except only a few that were very ’weak. The seedling and 8 
to 10 cuttings were set in a 2j4”-foot section of loo-foot rows spaced 
18 inches apart. The soil was Miami silt loam on , which alfalfa had 
been grown several tones previously. Rows were cultivated in. early 
spring and in late summer after the second cutting when necessary 
to prevent invasion of weeds and grass. In 1943, at the late summer 
cultivation, a 0-20-20 fertilizer was applied at the rate of 1,000 pounds 
per acre and. borax at the rate of 10 pounds per acre and worked 
into the soil between the rows. A small amount of winter protec- 
tion . was offered 'during the- first two- winters by the distribution of 
corn stalks, between 'the rows, care 'being taken not to cover any of 
the plants, . 
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DEVELOPMENT OF PLANTS IN THE NURSERY 

The cuttings developed well during the first stimiiier, nuJriiig 
large plants suitable for enduring the winter. The plants (‘0!uin"- 
ued to grow vigoroush" during the next two summers, mid (?X(‘ept 
for the : few clones in which wilt developed, the. nursery appeared 
ill very vigorous condition. In the fourth summer ( 19J3) i!ie tlrst 
growth blossomed heavily, but with blossoming a yellowing that 
could not be ascribed to leafhoppers developed in many (‘tvies. The 
second growth did not develop well, apparently liecause oi leaf- 
hoppers, but lest lack of fertility be the cause, fertilizer was applie»l 
as stated previously. In the spring of 1944 it became clear ihui the 
general deterioration in condition in the nursery referrctl to 
had not been retarded by the application of fertilizer. Alain* of the 
weaker clones ivere dead, eA^en where wait wms not present. Cither 
clones w^ere in uniformly poor condition as described later. A sum- 
mary of the records of tvilt and of condition in the clones prepared in 
June, 1944, is given in Table i . 


Table i. — Ctmdition of health a.nd prevalence of wilt in clones of four varieties of 
alfalfa after four winters. 


Variety 

Num- 
ber of 
clones i 

Good, 

% 

Poor, 

O' \ 

.V j 

Dead, 

f-'.- 

■/€ : 

Dead 

with 

wilt, 

1 

; Dead i 
without 

1 'wilt, , 
%' 

wilt'., 

C:'* 

/V 

Ranger 

155 1 

36.0 1 

42.0 

22 

6 1 

17 

17 

Hardistan 

105 

42.0 i 

33.0 

25 

■ 12 i 

12 

3 h 

Orestan. 

109 

36.5 

3^.5 

2,5 

9 ^ 

15 

32 

Ladak 

60 

12.0 

38.0 i 

50 

20 1 

30 

rTu 


At this ■ time representative plants from many of the clones \\\ re 
dug in the search for the cause of this deterioration. From lliis work 
it w^as found as shown in the table that the death and deterioration 
of at least half of the dead and poor clones could not be accounted 
for by the presence of wait. Winter injury appeared to be at least 
equal, if not greater, in importance than wait in killing and injur- 
ing these clones of wilt-resistant varieties. How’er^er, during the his- 
tory of this nursery several pathological factors haA^e been recorded 
as actiAm in injuring and eA?'en killing certain clones, and since some 
of these liaAm preAdously been suspected of producing ckiinage tliat 
may predispose plants to injury in the AAdnter, the more import am 
of these Avil! be enumerated and discussed AAfith reterenoe any 
influence that they AAmre obserA^ed to haA^e had on the survival 
the plants. 

DISEASES AND PESTS IN THE NURSERY i 

BACTERIAL AAHLT 

Each summer the nursery was inspected twdee for the appear- 
ance of Avilt in clones. The distinction betAveen clones dAing\\dtli 
and without Avilt aalts based on an examination of plants dug from 
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the rows when necessary. The most striking fact shown in Table i 
is that in all varieties more clones have died, ivithout the association 
of wilt than with wilt. At the end of 5 years the percentage of clones 
in which plants have shown infection whth wilt is still niuch less 
than the percentage of plants that is normally infected in an 
artificial inoculation. 

Other clones have shown infection since these data were taken, 
and thus, the highest percentage of plants capable of infection with- 
out artilicial aid is not shown in the table. Ranger is clearly supe- 
rior to the other varieties in the percentage of clones escaping wilt 
in this trial. 

DOWNY MILDEIV 

In early June of 1941 occurred the most extensive outbreak of 
down^;^ mildew, caused by Peronospora trifoliorum, recorded in the 
nurseiy. It was found in 4 clones of Hardistan, 10 of Orestaii, 9 of 
Ranger, and none of Ladak. Dowii}^ mildew has occurred in clones 
of Ladak elsewhere, and therefore, its absence from that variety 
here appears to be due to the small population in the sample. On one 
clone each of Hardistan and Ranger the shoots were uniformly 
dwarfed and were so weak by fall that both those brought into the 
greenhouse for propagation and those left in the field died. Two 
dwarfed clones in another part of the nursery have likewise died so 
that no further study of pilants 'with this high susceptibility could be 
made. The remaining clones showing only leaf spotting in 1941 have, 
with one exception, shoivn no mildew in 3 succeeding summers and 
no other clones than those showing mildew in 1941 have subsequent- 
ly been infected. Among nine other clones from plants showing leaf 
infection with mildew in another nursery, only one has shown mil- 
dew consistently through 4 successive summers. .Thus it a,ppears 
that mildew occurs here only on clones having a degree of sus- 
ceptibility to it; that two extremely susceptible clones have died 
from this disease, but the other infected clones have not been ap- 
preciably injured by it. In this clonal planting and all others, mil- 
dew has appeared first and most abundantly as in field plantings 
ill the second summer of growth. 

LEAF SPOT 

Leaf spot caused by Pseudopeziza medicaginis has not often been 
sufficiently abundant and well distributed in the nursery to per- 
mit a satisfactory comparison of its occurrence among the clones. 
The best occasion occurred in the first days of July, 1942, when the 
first cutting had been much delayed. The percentage of clones largely 
free from leaf spot and apparently resistant in the four varieties at 
that time was as follows: Hardistan, 5%; Orestan, 21%; Ranger, 
23%; and Ladak, 40%. Clones from other sources selected at this 
time for high susceptibility and resistance and placed by themselves 
in a planting arrangement judged suitable for abundant natural in- 
fection in the resistant clones have nevertheless retained the high re- 
sistance and susceptibility since. Resistance is exhibited not only 
by the relatively small number of spots formed and their small size, 
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but by the much delayed fmit'iig on these, spots. In the moiv re- 
sistant clones the only fruiting seen lias been in the autiiiiin on leaves 
which are very old or which have lain for some time on moist gn mud. 
In no case has a clone with high susceptibility appeared to have' suf- 
fered permanent injury. 

BLACK STEM 

No extensive blackening of stems, such as has been described in 
Kentucky (2), lia..s been found iii this nursery. The black stem fiun^us, 
AscQchyia miperfectai has not been foimd abundantly the ilrsi sum- 
mer in the nursery or in seeded lields. It is usualty present aftv-r the 
first winter, whether the plants show blackening or not. In it 
was isolated abundantly ■ from the bases of stems of clones that 
showed premature yellowing of 'leaves, and almost as ahundanily 
from the stems of clones that remained green, thougii ehanmier- 
istic lesions were not present in either case. It has been isf)1atcd in 
spring from stolons below ground where the fungus is often present 
in scales, and occasionally it has been isolated from lesions in rcM-bm 
showing winter injury; but here it is usually found with Ri:i:nrioni\i 
solani and species of Ftisariitm in such mixture that jvjssibk^ iniurt’ 
caused by the several fungi can not be distinguishecl. Tluis, vdisife 
the black stem fungus is on almost all plants o\xt‘ a year otl lui’king 
in scales and stipules or tiny blisters on stems or present with rwi 
visible lesions, no clearly deiined. susceptibility or resist anci^ has 
been distinguished; and while the .fungus is always present aboiit 
older crowns, evidence of its .action as an aggressive parasite ll:erfc 
has not been found. 

WHITE SPOT 

In 1941, 28 clones developed white spot, or white spot with a cliar- 
acteristic yellowing of the margins of the leaves, or a similar yel- 
lowing without the white spots. From 10 of these new clones \vcre 
made and set in the nursery the follow^iiig spring. In 1943, c^acli of 
the newdy made clones developed wdiite spot, but not all of the clones 
from which they originated. The fact that. the spotting and 3 ’ellow- 
ing was especially prominent in the spring of 1944 after the plot had 
received an application of potash and boron the previous year seems 
to preclude tlie possibility that the lack of either of these rnaierhils 
was responsible for it. Thus, the spotting found here appears u-, b,- 
an inherent character Iwdiich expresses itself under pemtliar etmi- 
ronmentai conditions. It develops suddenly in the (irsl gruwtii eaeii 
year about lo days or a week before blossoming, iisiiall}' when tlie 
ground is wmt, but not after a sudden change from drouglir iis ile- 
scribed by Richards (7). It has not been seen in later grownh or in 
these pkants growing in the greenhouse. At present it appears that 
the white spotting character is not necessarily associatecl with 
character that leads to the early destruction of the plant in whicli 
it occurs. ■■■■.■■■ V 
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LEAFHOPPER INJURY 

The most conspicuous and by far the- most important injury sus- 
tained bj?- the foliage of plants in this nursery is from the potato leaf- 
hopper, ^Empoasca fabae. Delayed cutting of the first growth has not 
prcx’cnted injury in these small experimental areas because of the 
migration of the leaf hoppers from nearby hosts. The second growth 
has been greatly yellowed and dwarfed each year, and the third cut- 
ting has also been injured in the last two summers when the vigor 
of the plants lias declined. No protection has been offered by dust- 
ing. So extreme has been the yellowing and dwarfing at times that 
ail histological examination has been made of stems in connections 
p- with some unpublished work on leaf hopper iiijurj.^ in MelilGtns alba, 

a species in which far greater differences between strains in suscep- 
tibjilit'y to injury has been observed than in alfalfa. 

The previous histological studies of the effect of leafhopper feed- 
ing upon alfalfa made by Smith and Pops (8), and all others known 
to the pvriter, have been limited to primary structures. In second 
growth of alfalfa this primary structure is quickly overlaid with sec- 
ondary growth from a cambium and it is in this secon.dar3?' growth 
that the most striking evidences of injury are found in the field plants. 

^ The most conspicuous histological feature encountered is cavities 

produced by the emergence of nymphs which have developed from 
eggs deposited between vascular bundles or in the outer part of the 
, pith. These cavities me usually filled soon after emergence by the 

expansion of a fe\v parenchymatous cells, and are overgrown with- 
out greater disturbance than some displacement of contiguous tis- 
sue. The more important injury appears in the cambium from feed- 
ing in the phloem and possibly in the cambium itself. Beneath areas 
■ where feed.ing appears to have been extensive, the , cambium may 

cease to function altogether, some' of its cells expanding and crush-, 
ing others. This condition is rarel}?’ found so much as half way around 
the circumference of the stem, while the rest of the cambium ap- 
pears to be producing phloem in excess' as- though c.ompensating 
for that which is disorganized. 'The abnormal thickness of some of 
the stunted stems appears to be a result of the excess of phloeni pro- 
duced. Direct plugging of secondary xylem. or. phloem vessels ivas- 
not observed, but the locally disorganized condition, of these tis- 
, sues iTiay well interfere with, translocation and thiis niodify., growth 

both above and below infected regions. . 

The first direct effect of severe- yellowing and stunting of the foli- 
age from leafhoppers upon the growth, of the, plant that may affect 
survival appears to be upon the growth of the transient roots. In 
a previous paper (5), it has been noted that the midsummer decay 
■ of these roots appears, to be more severe in plants with greater mid™ 
" , summer clormanc}^ than in those which recover rapidly': after the 

, ,first cutting. Severe yellowing of the. second growth appears to favor 
this decay precisely like dormancy, and when the two are combined 
,, a.s in Ladak, it is possible, that the early, decline of done s of this va- 

riety is partly accounted for. 

The second direct effect of severe and long-continued leafhopper 
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injury in the summer appears to be a great reduction in the luiiritjer of 
aiid the vigor of the buds that' are formed about the crown, and of 
the repair by growth of injuries which become abundant most 

old crowns. An experiment in' 1944, designed for anothxr purpose, 
appears to give important evidence here. A portion of the clonal 
nursery of equal age with that in which the data presented htav was 
ill part covered soon after leafhoppers were abundant with two uages, 
in one of which the leafhoppers and other insects were largely C'on- 
trolled by weekly dusting. In the autumn the area in which tlie leaf- 
hoppers had been controlled showed remarkabh^ superior growth 
in all plants, due to the large .numbers of shoots and buds on the 
crowns in comparison with those in the unprotected areas, whether 
caged or not. Moreover, the protected plants showed far more re- 
pair on injury of crown by over-grotvth than the unprotected plants. 
Thus, the inference is drawn from observation of these and other 
plants protected from leafhoppers that the increased top growth of 
such plants is accompanied with increased root growth, and cspccialh” 
with a greater production of buds at the crowm. Such summer growth 
appears of more importance for the continued surviwil of old f)laiits 
ill which summer root growth is normally less vigorous than for young 
plants. It is not apparent that leafhopper injury makes plants ap- 
preciably more susceptible to injury and death by winter cold, 
though it is highly probable that such injury permits a more rapid 
deterioration of injured plants. Thus it is tentatively c'<:>ucluded 
that the heavy leafhopper infestation in this nursery may haAx-^ ac- 
celerated the deterioration of all plants in the nursery but was not 
the initial cause of deterioration. Obviously, support should be 
brought to this h^^pothesis by properly designed experirnental tests. 

WINTER HARDINESS IN CLONES 

xAfter the first winter the number of clones found dead and in- 
jured (see Table i for original numbers) was as follows; In Hardistan 
and Ladak, 2 each injured; in Orestan, 8 injured and 2 dead; in Rang- 
er, 22 injured and 12 dead. From the injured clones it was still pos- 
sible to make new clones and repeat the field test to get further evi- 
dence indicating whether these were non hardy or the victims of un- 
favorable locations in the plot. This was done with 10 clones from 
the remnant of 10 of those severely injured, the new clones being 
made much larger than the first. None of these clones grew late in 
the fall or gave other conspicuous evidence of being non hardy, 
but after their first wfinter all appeared severely injured, and in tlie 
following autumn only six had living plants remaining. The winter 
of the second trial was judged closely comparable with the first on 
the basis of behavior of other plantings in the nursery, and thus the 
conclusion was reached that the loss in the first winter was due to 
the inherent lack of hardiness in the killed and injured clones and 
not to unfavorable situation. 

The remaining plants in the six surtdving clones were dug in late 
autumn for storage in a protected cold frame. It was antic^ipated 
that the survivors would all show about equally severe injury. In- 
stead, it was found that all the plants from three of the clones had 
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the roughness and blackening of the crown and upper part of tlie tap- 
root characteristic of severe winter injury, none of the plants of two 
of the clones had any of this character, and in one plants showed 
blackening in varying degree. This striking difference in character 
of injury between clones of approximately equal hardiness as judged 
by suiwival in two winters could hardly be accidental. Thus, while 
it may be true of varieties as stated by Peltier and Tysdal (6, page 
047) that, “There do not appear to be any differences in the types 
of cold injury in the various alfalfas, although the extent and sever- 
ity of the injuries are directly related to the relative hardiness of 
the alfalfas”, between plants there may be striking differences in 
the types of cold injury, and the extent and severity of the injuries 
may not be very closely related to the hardiness of those plants, 
if by hardiness is meant ability to withstand low temperature. From 
this beginning, further evidence of the specific character of winter 
injury reactions was sought and found as stated later. 

WINTER INJURY IN CLONES 

The clones which are rated poor in the nursery (Table i) may be 
divided into two rather sharply distinguished classes; those which 
are conspicuously stunted, and those rvhich are of approximately 
normal height but have few stems. The distinction between these 
classes and that of good clones is necessarily arbitrary but service- 
able. Stunted clones form the less numerous but more conspicuous 
class. This class was first recognized in the spring of 1943 and became 
larger in 1944. Stunted clones start growth slowly in the spring as 
though injured by the winter, as indeed they are, and the internodes 
elongate so slowly that by blossoming time the plants may be less 
than half as tall as their neighbors, or as they themselves were the 
previous year. Stems remain succulent and brittle. These clones have 
persisted over the following winter and mostly have an even more 
stunted appearance in the spring. Cuttings made from such stunted 
plants have, in all cases, resumed the original habit of the clone. 

The crowns of stunted plants are hollow and blackened, the black- 
ening often extending several inches down the root leaving but a thin 
living shell. Living buds on the crown are few and placed high. Roots 
from the base of the crown or upper part of the taproot are few or 
absent. However, not all clones suffering this extreme winter in- 
jury become stunted in habit. One clone in particular placed in 
two locations in the nursery appears to have suffered almost as se- 
verely as mny stunted clone, and yet has maintained great vigor 
in growth. This exceptional clone was originally of outstanding vigor 
and coarseness of character, and with .very large roots in contrast 
with a rather small root system in many, of the stunted clones. 

The class of poor- clones which is marked' by scarcity of stems 
which do not branch, freely to produce a dense cover is less, .clearly 
distinguished in many cases than is that of stunted clones. Living 
buds are scarce on the crowns of these plants. The absence or death 
of buds is associated ' with.' evidences of winter ’ injury differing, .in 
degree, but not obviously in kind, from that found in the stunted 
plants. Plants in a clone ..behave closely alike, and differing patterns 
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of behavior are found. Injury may be superficial and may extend 
several inches down. the roots from the crown, or it nia\' be confined 
to a comparatively narrow zone within which there may be Imt lit- 
tle living tissue. Because of this'diverse character of the injury there 
is no evident close correlation between degree of injiuj' tc) tlic crown 
and the degree of poor condition of the top; bin vrlien 1‘omparisoii 
is made between crowns of good clones and poor (‘luiies, ihcj general 
correlation between the poor, condition of tops and injury in the 
crowns is beyond doubt. This class of clones was recorded ir^ 1943, it 
increased in 1944, and with but one exception no clone once placed 
in this clciss has appeared to recover vigor. In most cases symp- 
toms have become more striking with time, or the clones have died. 

Thus, acc.epting winter injury as described above, it l:)ecoiiies the 
agency equal or superior to bacterial wilt in destroying alfalfa plants 
in these four wilt-resistant varieties under the conditions of this 
trial. It becomes the next major source of death among alfalfa plants 
that must be reduced if longevitr^ of stands is to be increased. The 
above description of winter injury has novelty only from the fact 
that it has proceeded from visible alterations in top growth 10 pre- 
viousl}^ known root injuries, a procedure that is for the ilrst time 
possible because each plant is represented by several portions which 
can be removed and examined from time to time witlioiii injur}." to 
the remainder, and because the nursery ’ permits a fuller expression 
of top symptoms and a long undisturbed history of eacli |')!ani. It 
is possible that in this winter injury complex susceiililuiity 10 para- 
sites may be found influencing the outcome of spua^ial castes, and 
search for such instances will be sought. For the present, however, 
practical procedure appears to be best served by ascribing ddffereiit 
manifestations of injury to specific host reactions to c'lima-iic con- 
ditions. 

Some of the patterns of injury have been seen in. a, few selfed 
lines and crosses that haA^e been under obserAmtion ot'curring in pop- 
ulations of plants in a manner resembling that of spec'ific. irilierited 
characters. Thus, the selection of injury-escaping and thus persist- 
ant types appeai;s possible as soon as the characters favo.ring per- 
sistance are established and their inheritance is known. 

DISCUSSION OF RESULTS 

The clonal nursery in which the aboA^e obseiwatic-ns veen* made 
is located on a long-used experimental farm AA"here the cavironmenf. , 
so far as bacterial and fungus enemies are concerned, has altered 
for the AA"orse, probably worse than on most farm fields, sinca alfalfa 
was introduced. The main purpose of the nursery is to dis|>lay as 
fully as possible any differences between plants iii susccptib'ihly 
to any of the diseases present, and more especially to those* that 
shorten the life of the plant. Among the plants in Ihc^se will -resist- 
ant varieties deterioration originating in winter injury has been 
judged to cause the death of more clones than infedioii witli l)ae- 
terial Avilt, and the two agencies together appear to have left but 
about a third of the plants in fair vigor after 4 Avinters which are not 
regarded severe. This unexpectedly early loss of plants in the nitrs- 
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ery can hardly be ascribed to exceptionally severe winter injury, 
but it may be sought in the increase of parasites wliich can take ad- 
vantage of such injuries for entry, or which check the growth neces- 
sary for the rapid healing of the wounds and the addition of tissue 
which can compensate for loss due to slow decay. 

Of the parasites taking advantage of wounds for entry, the bac- 
teria causing wilt are the most important in plants susceptible to 
wilt, a disease easily distinguished. The Stagoiiospora causing crown 
rot (4), a' disease less- easil}^ recognized and likewise apparently onl^r 
in the occasional plants susceptible to it, was not found in the nurs- 
ery discussed. Several parasitic fungi not discussed here have been 
found commonly on crowns of plants in the nursery; but no evi- 
dence has been uncovered that one plant is more susceptible to in- 
jury by any one of them than to another, with the possible excep- 
tion of Pythmm sp. which is under investigation. 

Of the parasites retarding the general growth of the plant when 
repair is normally most active, it is possible that an increase of those 
destroying transient roots (5) may be important. The undoubted in- 
crease of leaflioppers since alfalfa was introduced certainly retards 
both top and root growth during the important period of repair. 

Whatever evaluation may be given to these several adverse ' factors 
in the environment, the fact that plants differ widely and specifi- 
cally in the degree of injury sustained and in consequent longevity 
makes the improvement of longevity in varieties as a whole appear 
possible. 

vSUMMARY , *■ 

Small clones of unselected plants of four wilt-resistant varieties 
of alfalfa were grown in a nursery for 5 3^ears with a cutting schedule 
and .cultivation designed to favor longevity. Early in the fifth sum- 
mer from a quarter to a half ■ of the clones in these varieties were 
dead, and approximately half of the survivors were in poor condi- 
tion. 

Although none of the winters through which the nursery had 
passed was regarded as .severe,, a few clones w^'ere winterkilled. 

Among the diseases present those ■which had selectively destroyed 
susceptible clones were bacterial wilt and downy mildew. These, 
together with winterkilling, appear to have killed only about half 
of the dead clones and to be responsible for but little of the poor 
condition in the living clones. The other parasitic diseases and in- 
jurious insects do not appear to have been sufficiently selective in 
their action to account for the death of clones or for the relatively 
poor condition of many of them. 

The deterioration and death of clones not accounted for by the 
diseases stated above appear to have had their origin in winter injury 
which differed greatly in character as well as extent’ in clones and 
ill its consequences to the plants. In. some cases, stunting of tops 
i^esiilted, in others, reduction in the number, of stems from killing 
of buds, with or without more or less extensive iifjury to the root, 
and decay: of the. crown. 

Infestation with leafhoppers and injury from fungus parasites 
arc believed to have retarded the effectual repair of these injuries. 
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but a critical examination of such relations must await the critical 
study of properly selected material. In the meant iine it appears 
that ■winter injuries and their consequences in clones under field 
conditions can be recognized clearly enough to serve in. the selec- 
tion of strains of alfalfa with increased longevity, at least under the 
local conditions. 
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BAMBOO FOR CONTROLLING SOIL ERGSION^ 
David G. White and N. F. Childers^ 


B amboo has been widely grown for centuries in the Far East 
but only in recent years, has it begun- to take its rightful place 
as an important crop in the Western Hemisphere. In addition to 
many industrial and construction uses (i, 2-, 3,6),® bamboo also is val- 
uable for controlling soil erosion on areas not particularly suited for 
other economic crops. It grows well on steep, hillsides, road embank- 
ments, gullies, or on the banks of ponds and streams. The valu- 
able features of bamboo for controlling soil erosion are its extensive 
fibrous root system, the leafy mulch it may produce, on the soil sur- 
face, its comparatively dense foliage, which protects against beating 
rains, and its habit of producing nevr- culms from underground rhi- 
zomes which allows iiaivesting without disturbing the soil Bamboo 
does not necessarily require the better soil types. In .lAierto Rico 
it grows on soils ranging from heavy hill clays to sandy loams - along 
stream banks. Of course, superior, growth is attained on soils which 
are relatively fertile. 

Most of the tropical species of ' bamboo require a plentiful supply 
of moisture for vigorous growth; however, they also will tolerate 
the prolonged periods of dry w^eather commonly encountered in the 
Tropics. Bamboo at the Federal Experiment Station at Mayaguez, 
Puerto Rico, withstood a severe 7 -months drought in 1943-44 with- 
out damaging effect. Many of the leaves abscissed and growth was 
slow, but with the advent of the rainy season the clumps again re- 
sumed , vigorous growth, 

MAT OF ROOTS HOLDS SOIL EFFECTIVELY 

The soil around bamboo plants is -.permeated by a mass of inter- 
twining roots, as shown in Fig. i. The mulch beneath a .vigorous .,8- 
year hillside clump of Bambusa tulda /Roxh. was bmshedc aside to 
show this typical development of roots ..'near the soil surface. Roots 
were found at a distance of more than 17 feet .from the clump. 

A study was made on the above clump of Bambusa tnlda to. ascer- 
tain the distribution of the -roots in the soil. Starting at the base of 
an. outermost culm, a ditch was dug to '-a depth of 4 feet for .a dis-. 
tance of. 17 feet from the culm.^ The number of roots exposed in each 
square .foot on. the face of one wall 'of the- ditch was, .recorded. The 
.data-are. presented in Tabled. Most-of the roots, ,83%, were present .in 
the upper foot of soil which is- the area where roots serve best in 
controlling soil erosion,: Fig. 2. The . percentages of roots' at lower 
layers were: i to 2 foot depth, 12%;- 2 to. .3. .foot depth, 4%; and 3 
to 4 foot depth, 1%. It is evident from' Table .1 that the greatest 
concentration of roots was within' 4, feet of 'the clum.p. It .is interest-. 

R'^^ontribution from the Federal Experiment Station, XJ. S. Dept, of Agriculture, 
Agricultural Research. Administration, Mayaguez, Puerto Rico. Received for 
publication May 10,. 1945.. ■ 

2plant Physiologist and Assistant Director, respectively. 

^Figures in parenthesis refer to ‘^Literature Cited”, p. 847. 



Fig. I. — This photograph was taken on the side of a drainage ditch after removal 
of the mulch. It shows the closely woven mat of bamboo j'oots which are effec- 
tive in holding soil under heavy washing conditions. 


ing to note a slight increase in the number of roots at a distance 12 
to 17 feet from the clump. A drainage ditch for a roadway was en- 
countered near this area. Apparently the moisture supplied by tliis 


Table i. — The distribidio?i of roots and yinmber exposed per sq-iiarejooi of Banibusa 
tdikla hi a heavy clay, Mayaguez, Puerto Rico, 


Distance from 
clump in feet 

‘Number of roots 

o-i foot 

1-2 foot 

2-3 foot 

3-4 foot 

o-i 

1,300 

33 

18 

0 

I "2 

1,100 

22 

14 

0 


1 ,200 

44 

' 12 

j 0 

3“4 

1,020 

6i 

19 

6 

4™5 

485 

66 

20 

0 

5-6 

390 

77 

■ 23 ■ 

6 

6-7 

231 

III 

24 

t 7 

7-8 

154 

96 

23 

1 ■,.,'8 

8-0 

134 ' 

79 

36 

10 

9~io 

94 

63 

16 

7 

lO-II 

85 

43 

17, 

■" 6' 

II--I 2 

85 

39 

J 3 

8 

12-13 

116 

34 

18 

18 

I3-I4 

102 ' 

29 

8 

■ ■ ' 15 . ■ 

14-15 

' 204 

86 

. 17 : .. 

23 , 

15-16 

'215 

65 

15. ■ 

8 

16-17 

187 

48 

,12 ,■ ' 

' ,'10 

Totals 


996 

’ "305 ; 

132 





.v< 
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Fig. 2 -~™- Vertical exposure shov^ing that most of the roots of bamboo are locate, 
m the upper foot of soil which begins at the base of a clump of Bamtbusa UM. 
ana extends horizontally for a distance of 17 feet. The i-foot squares are th 

t exposure i 
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Fig. 3.— During dry periods bamboo sheds 
plantmg of Bambusa longispiculata have accummsTp 


many leaves which in this 4~y ear-old 
accumulated to form a 2- to 4-incli 

„ of moisture, adds orranic 

(oame planting as shown in Fig. 4.) 
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ditch caused a slight increase in the numbers of roots at this point. 
A few roots were seen penetrating the soil to a depth greater than 
4 feet. 

MULCH ACCUMULATES BENEATH BAMBOO 

_ The leafy mulch which accumulates beneath some species of bam- 
boo collects and conserves moisture in addition to preventing soil 
erosion._ Fig. 3 shows a 2- to 4-inch mulch of bamboo leaves which 
accumulated dunng a 3- to 4-month period of dry weather in a 
4-year planting of Bambusa longispiculata Gamble ex Brandis. The 
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angle of the slope in this planting is 52%— too steep for comfort- 
able walking as seen in Pig. 4. The good stand of bamboo on this 
hillside emphasizes the feasibility of planting bamboo rather than 
some cultivated crop which would expose the soil to accelerated 
erosion. iVt the time this bamboo was planted several ditches caused 
by erosion were present, but when the photograph was taken, the 
ditches were covered with leaves and the soil impregnated with 
roots. There were no signs of additional erosion. 


The ditch shown in the center of Fig. 3 is a culvert outlet from a 
nearby roadway. A clump of bamboo slightly to the left of the photo- 
graph is situated directly in the path of this outlet and serves to 
disperse the flow of water during rains. The planting was made on 
the square with the clumps spaced 20 feet apart. Perhaps a better 
systern of planting for steep hillsides is the hexagonal arrangement 
in which the staggered clumps further retard fast moving water 
from torrential rains. 


BAMBOO FOR ROAD EMBANKMENTS AND ALONG STREAMS 

Puerto Rico has many winding roads through the mountainous 
interior of the Island. Landslides are a problem both above and be- 
low the hillside roads. The Department of Interior has used plant- 
ings of bamboo with considerable success to maintain fills and steep 
road embankments (Pig. 5). The bamboo generally used for this pur- 
pose is the common species, Bambusa vulgaris Schrad. It develops 


Fig. 4. — This 4-year-oId planting of Bambusa longispiculMa, middle background, 
at the Federal Experinient Station in Puerto Rico serves to control erosion on 
a steep hillside in addition to providing culms for industrial purposes. 




's 
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6, grows particularly welj because of -a more even and abundant 
supply of moisture. Phe fibrous mass of roots binds tbe soft banks 
and the thick culms arrest strong currents during flood periods The 
particular river shown in Fig. 6 frequently goes on a rampage dur- 
ing the rainy season. Before the bamboo was planted large areas 
of the adjoining experimental field were washed away especially 
on the sharp cur\^es. At these critical points a bamboo revetment 
was constructed (s) as shown in Fig. 7. The soil behind the revet- 


Pig. 6.--”Along streams bamboo is effective in pn 

away of soft banks. 
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curves of a stream it is possible to use a bamboo revetment; 
boo behind, the revetment provide further reinforcement. 


ment is reinforced further by additional plantings of bamboo, thus 
building a solid wall of living plant material on the banks of the 
river. 

PLANTING SUGGESTIONS 


Many species of bamboo will serve in controlling erosion. How- 
ever, certain species are recommended because there is a marked 
difference in the industrial value of the various bamboos. Although 
the powderpost beetle, Dinodents minuUis (F.), is a serious pest of 
cut bamboo, the following introduced commercial species have 
been found (8, 9) to be relatively resistant to this insect; Bambusa 
textilis McClure, B. tulda, B, longispiculata, and B, Uddoides, Munro. 
These Oriental species have a system of underground rhizomes 
which results in the development of more or less confined clumps. 
On the continent there are temperate species which have a '‘run- 
ning” habit of growth and consequently require some attention to 
prevent them from spreading ’ and eventually becoming a prob- 
lem. 

Bamboo grows best on rich, moist sandy-loam soil, allliough it 
can be established satisfactorily on submarginal land not particu- 
larly suitable for other crops. Experience at this Station is iiiiiitcxl 
to tropical species which require at least 50 to 70 inches of rainfall 
distributed throughout the year. These species will tolerate addi- 
tional rainfall provided the planting is not located where water 
stands for prolonged periods. In areas definitely low in rainfall the 
species recommended above should be located on banks of streams 
or ponds. Bamboo is most successfully established when planted 
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at the beginning of the rainy season. However, with an evenly dis- 
tributed annual rainfall, planting can be done at- any time. In the 
continental United States there are' several species of bamboo rwliicli 
thrive in the southernmost sections and some succeed as far north 
as Maryland. 

Bamboo is readily propagated by means of mature rQoted culm 
stumps, which average about 20 pounds in weight after being trimmed 
for planting or shipment. Seed production of many species of bam- 
boo occurs only every 30 to 60 years, after which the parent clump 
usually dies. Some success has been attained recently with the root- 
ing of side-branch cuttings of certain species (4), but as yet there is 
a lack of sufficient data for recommendation of this method. 

The distance for planting bamboo varies according to the area 
to be planted and proposed method of utilization. Usually, plant- 
ings are made 15 to 25 feet apart, but when erosion controfis a ma- 
jor issue and quicker results are desirable, the culm stumps can be 
planted closer. In Puerto Rico, about 2 years are required to estab- 
lish a planting, although 4 to 5 years usually pass before good sized, 
well-matured culms are available for commercial use. It is well to 
make planting holes at least i foot in diameter and feet deep and 
to place a spadeful of well-rotted manure or compost mixed with 
an equal amount of soil in the bottom of each hole. The stump is 
then planted at the same level as it previously grew. A generous 
supply of water should be applied immediately after planting, with 
later applications as needed. Periodic weeding, especially during 
the first year, assists in better growth of the shoots. A more de- 
tailed account of bamboo culture is given by McClure (7). 
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LIBERATION OF HCN IN SORGHUM'^ 

C* J. FrANZKE AND A. N."HuME“ 

D uring field operations a peculiar odor was detected at a cer- 
tain location in the sorghum breeding niirseiy. This odor ap- 
peared more evident in the stillness of the earl}^ part of the morn- 
ing than at any other time of day. It was not possible to locate tlie 
sorghum strain or strains which might be emitting this odor. The 
strains at the location where the odor occurred were recorded and 
seed saved for future tests. These strains were investigated to de- 
termine whether growing sorghum plants were capable of liberat- 
ing HCN, 

LITERATURE, 

A rather extensive review of cyanogensis in plants , has been compiled by Lee- 
mami (4)^; therefore, only some of the literature will, be reviewed here. _ 

The form most common in which hydrocyanic acid occurs in plants 1,3 in com- 
bination as glucosides. These are intermediary compounds .formed by the reaction 
between a sugar and one or more nonsugars. The complex glucosides which con- 
tain the HCN-molectile are known as nonliberators, giving off free liydrocyaniv;, 
gas only when hydrolized by emulsion or by ..an active animal e.iizyme or diges- 
tive acid. Such action results in the liberation of hydrocyanic acid and forrns of 
sugar and organic acids. Theories reviewed and discussed by Leemanti (4) indicate 
that cyanide is formed in certain plants due to a peculiar type of protein s}’'uth(:‘sis 
in which the nit..rogen absorbed as nitrates from the soil by the cyaiiogeneiic 
plants is changed to the form of hyd.rocyanic. acid as an inte.r,niediate stage be- 
tween nitrates and amino-acid in the formation of proteins. In sorgliiirn or siidan 
grass this protein or _glticoside is called dhurrin. Willaman and West ^(7) (‘ori- 
tended that the glucoside in grasses was not a storage product. Willaman (6) stat:ed 
that hydrocyanic acid in sorghum has two forms, a glucosidic a.s dhiirrin and a 
nonglucosidic. Dowell (.1) contends that his experiments did not show the presence 
of the nonglucosidic hydrocyanic acid. 

. Hydrocyanic acid does not appear to exist in cyanogenetic plants as free cyanide 
but is the result of the interaction of an enzyme (“emulsion”) and a gliicosicle 
which contains CN group^ capable of being hydrolized to hydrocyanic acid. Finne- 
more and Giedhill (2) working on four species of Acacia used for fodder in 
Australia found that all contained a cyanogenetic glticoside. None of them con- 
tained an enzyme capable of hydrolizing the glucoside. Stock eating them along 
with other plants containing the enzyme, or having su.fficient hj^drochioric acid 
present in the stomachs, will hydrolize the glucoside and become poisoned. 

' It is evident that digestive acids, emulsion, or enzymes hj-^drolize the cyano- 
genetic glucoside and liberate hydroc^mnic acid. Also, the hydrocyanic acid is 
freed from the glucoside by freezing. Swanson (5) reported that freezing of Sudan 
grass does not cause a decrease in the cyanide content if the test is .madeTefore the 
plants thaw and wilt. After thawing and wilting the cyanide content dropped 
rapidly Franzke, et al, (3) tested second growth amber cane during and after a 
killing frost. They found 12 hours after freezing the second growth, aiTil)er c;ine 
lost 65% of its original hydrocyanic acid. During the time when the plants were 
thawing from the frozen condition, they emitted strong hydrocyanic 'odor. 

MATERIAL AND METHODS 

The three strains of Dakota Amber sorghum which were recorded in the held 
for further study under controlled conditions in the greenhouse were strains 1, 
19, and 15.^ Strain i is a high-hydrocyanic acid line, having typic^al !ea\'es and 
growth habits of Dakota Amber. Strain 19 is a very high-hydrocyamiv acirl sclev- 

^journai Paper No. 193 South Dakota Agricultural Experiment Stari<)r5, 
Brookings, S, D. Received for publication May 10, 1945. 

^Assistant Agronomist and Agronomist, respectivelv. 

•figures in parenthesis refer to “Literature Cited”,’ p. 851. 
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tion having similar growth habits and maturity to that of strain i. Strain 15 is 
likewise a high-hydrocyanic acid selection. The leaves, however, are not typical 
Dakota Amber leaves. They are broad, thick, and leathery in texture and dark 
rich green in color. The plants are shorter and more sturdy than those of either 
strains i or 19. The_three strains grown under field conditions were observed to be 
eciually free from disease and insect injur}^ 

The sorghum strains were planted in' 5-gallon stone jars filled with known 
ainoimts of soil from a continuous sorghum plot. Air-dry weights of soil were 
previously determined to compute the 15% soil moisture level, which was main- 
tained by adding^ distilled water three times per week. The jars were planted with 
ample seed of each variety to be thinned later. The plants were thinned in the earl3^ 
seedling stage, leaving 100 seedlings for each variety tested. 

The sorghimi strains were allovvnd to grow in the greenhouse until the six-leaf 
stage before being sealed under ^bell jars. The}^ were then put on aspirator lines 
for test. Tlie plants of each strain were examined for growth development before 
being sealed under the bell jars. Growth -was unifomi and equal except for strain 
difi'creiices. 

A gas-aspirating system equipped with a motor-driven vacuum pump was set 
up. The air flow from each of the several lateral lines after passing either over the 
growing sorghum plants or direct was washed through a measured solution of silver 
nitrate (AgNOs) placed in a Drechsels gas wash bottle, painted black to inter- 
cept light The painted wash bottles containing the known concentrated solution 
of silver nih'cte were placed in a cov^ered container to eliminate further light to 
prevent d.ismiergration of the solution. At weekly intervals the silver nitrate 
solutions weie titrated b\' the method described by Franzke, et al. (3) and the 
liydrocnxmK' acid recorded in milligrams per 100 growing plants. 

There ^Ycro tvo set-ups or runs made which will be called first and second run, 
respectively. The first run was started January 10 and completed March 16. The 
second run was started March 27 and compl'eted May 14. The first run was a 
preliminary test and was not made in duplicate. The 'second run was set-up so 
that all tests were made in duplicate. 

The aspirator hook-up was arranged so that there was control of the air flow’' 
through each of the lateral lines. In the first run the two lateral lines where the 
air flow passed directly into the gas wash bottles called checks were designated as 
lines A and Al. The three air flow lines wdiere the air passed over the sorghum 
strains were designated as line B for strain 19, line C for strain 15, and line D 
for strain Also, there was another line where the air flow passed over the soil of 
a 5-gallon, jar without growing sorghum plants designated as line E. 

1.11 the second run lines D and E were left out, eliminating strain i, and also 
the line where the air flow passed over the soil. The designation of the lines was 
thus as follows: Line A and Al checks, lines B and Bl strain 19, and lines C and Cl 
strain' 15. 

EXPERIMENTAL RESULTS 

Tile first run, as stated, was a preliminary test to determine 
wlietlier sorghum strains were capable of liberating HCN. The tN 
tration of the silver nitrate solution in the receiving flasks of lines 
A, A I checks, line B strain 19, line D strain i, and line E, jar of soil 
without growing sorghum plants, titrated blank, indicating there 
was no reduction ill the silver nitrate solutions. There was a whitish 
precipitate formed in the silver , nitrate solution in the receiving flask 
where the air floAV passed from line C strain 15, Titration of the so- 
lution showed a reduction in the silver nitrate which was due to 
reaction of HCN liberated by the growing sorghum plants from 
strain 15. The free hydrocyanic acid liberated reduced the silver 
nitrate which formed ^ a whitish silver cyanide percipitate. Strain 
15 (Fig. i) .shows'nn increase in .the liberation of HCN, up to :. and 
including the heading stage February 20 after which there was a„,de- 
crease up to and including the seed formation stage March 12. 
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Fig. I .—Liberation of HCN at weekly intervals in milligrams per lOo plants of 
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Fig. 2 .— A'verage liberation at weekly intervals of HCN in milligrams per 100 
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Weekly observations were made on growth and developiiient 
of the sorghum strains. The. growth and development; was uniform 
and fairly normal for sorghum plants growm under bell-jars. March 5 
the plants of strain 15 showed yellotving and drying of the lower 
leaves. March 12 all leaves .were practically dead. TTie lower leaves on 
. strains 19 and i began yellovring and drying by March 12 at the seed- 
forming stage. This premature diqdng of the sorgliuni plants was 
possibly due to lack of sunshine. 

On the evening of March 12 the three strains sealed under the 
bell-jars were disconnected from the aspirator and set outside over 
night. The morning of March 13 when the plants were found to 
be in a frozen state, they w’ere reconnected on their respective in- 
dividual lateral lines and aspirated for a period of approximately 
24 hours. The morning of March 14 the silver nitrate solutions were 
titrated. vStrain i liberated 18.76 milligrams of HCN and strain 
19 liberated 28.68 milligrams of HCN during the 24-liour period. 
There was no further liberation of HCN from strain 15 which had 
been frozen when the leaves on the plants were dead. 

In the second run the titration of the silver nitrate solution in 
the receiving flasks of lines A, Ai- checks, and' lines B, Bi strain 19, 
titrated blank. Titrating the solution in the 'receiving flask of lines 
B and Bi strain 15 , revealed- a. reduction in the silver nitrate solu- 
tion. The duplicate titrations were similar, and... therefore they are 
reported in Fig., .2 as average milligrams of HCN- liberated at weekly 
intervals for ..strain 15. 

Strain 1 5 tested in the second run showed there was a similar trend 
in the liberation of HCN (Fig. 2) to that of the first run (Fig. i). 
The greatest liberation of HCN was at the heading stage. 
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Growth and plant development observations were made at weekly 
intervals. The plants of both strains 19 and 15 by May i showed 
yellowing and drying of the lower leaves. The leaves on the strains 
at seed fomiation stage May 7 were all dead and dried. This prema- 
ture drying of the sorghum plants was possibly due to lack of sun- 
shine, they having been sealed under heavy glass bell-jars. Con- 
tinued aspiration for i weelc after the plants died resulted in no 
further liberation of HCN. 

A comparison of growth development for the sorghum plants of 
strain 15 during the first run (Fig. i) and the second run (Fig. 2) 
sliow^ed slightly more rapid development for the latter due to longer 
duration of sunlight. This more rapid growth development of the 
sorghum plants did not greatly affect the average weekly liberation 
of HCN in strain 15. The average weekly liberation was 1.85 milli- 
grams and 1.80 milligrams of HCN for the first and second runs, 
respectively. 

CONCLUSIONS 

1. The investigations show that a selected sorghum strain liber- 
ated HCN into the surrounding atmosphere during the process of 
growth. 

2. Selected strains differed in this respect; two strains tested in 
this investigation ivhich liberated no HCN during growth did so 
during the process of thawing after being frozen. 

3. Sorghum plants that had died and become air-dry no longer 

liberated HCN. r| 
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: METHODS OF EVALUATION OF RED CLOVER STRAINS 
GROWN ALONE AND WITH TIMOTHY 
IN SMALL PLOTS' 

J, H. Torrie and J. Lewis Allison- 

S MALL, replicated row or broadcast nursery plots are used cMleu™ 
sively in the preliminary evaluation of red clover strains. Sinc'c 
timothy is commonly sown wdth red clover, it is iiiiportanl lo evaliu 
ate strains of red clover in respect to their forage yield wlien giXiwn 
in a red clover-timothy' mixture. To obtain the forage yield oC the 
red clover portion of such a mixture it is necessary to make a hand 
separation of all or a portion of the plot, which is a very time-con- 
suming process and thus is not practicable unless the nuinljcr of 
strains under test is small. Studies have been conducted at Mad- 
ison, Wis., since 1937, to determine if the relative forage yields of 
red clover strains are the same in small plot trials, wliclber seeded 
in roAYS or broadcast and either with or without timothy. 


MATERIALS AND METHODS 

Trials were made during 1937-38, i939'~4e, and 1942-43, A trial was seedetl in 
1941, but a late spring drought resulted in a ver,y |}Oor stand so it was not (‘r'tni- 
pleted. The strains of red clover used in the 1937-3^ trial were a.U of the rCiedruu’i 
red type. Four were locally adapted Wisconsin strains and one vras a Minnesota 
strain. In the 1:939-40 trial four inedium red strains and one nKiinnirUli re.i sir:; in 
were used, namely, Commercial (obtmncdfrom a local seed company). Centposite 
(a composite of several localN ada]>led strains), Wilson’s White (a white- flowered 
strain grown in certain areas of Wisconsin for many years), Longinirat. (an Idrtho 
strain), and Graham’s mammoth (a mammoth type grown by P. S. Graitana 
near Fennimore, Wis., for many years). The same strains were used in the 1 942- -43 
trial with the exception that the certi.fied variety Midland was sul'siit tiled for the 
commercial seed lot. 

The methods of planting were as follows: Clover in rows spaced a fncit ajwia; 
clover in rows over-broadcast with timothy; clover broadcast and chjvcr plus 
timothy broadcast. In the 1937-38 trial the row plots were seeded as a unit 
separate from and adjacent to the broadcast test. For each group a split-plot 
design was used in which the. strains were assigned at random, and planting 
methods were in strips across the strains in each replicate. .For the 1939-40 and 
,1942-43 tests a split-plot, latin square design w^as used. Planting methods were 
assigned at random to the 16 whole plots and't.he strains to the sub-plots within 
each' wdple plot.' Pour replicates were used in all tests. Each whole plot was 
18X20 feet in size and was divided into five sub-plots of equal size. 

Seeding was at the rate of 12 pounds of clover when seeded alone and 8 pounds 
of clover and 4 pounds of timothy in the mixtures, per acre. The plots were har- 
vested when the clover was in. the 50% bloom stage, T,he area h.:ir\’ested lor eaci'i 
sub-plot was 4X16 feet. Borders 2 feet in width were used between vA\ wh.ole plots, 
but no bo.rder was removed between sub-plots as it was felt that more error 


: ^.Contribution No_. 200 from the Department of Agronomy, IJni\^crsity of Wis- 
consin, Madison, Wis. Cooperative, investigations of - the Departments of x\gron- 
omy and of Plant' Pathology and the Division of Forage Crops and Disea, ses, 
Bureau of Plant Industry, Soils, and Agr.icultm*al Engineering, Agriculturiil 
Research Admiiiistratioti, U. S. Dept, of Agricultm'e. .Published witli the 
approval of the Director of the Wisconsin Agricultural Ex|;)erirnent Station. 
Received for publication May 16, 1945. 

^Assistant Professor of^ Agronomy '.and; ■■’Assistant/ Professor of Plant 
Pathology and Associate PathoiogisL Division :of Forage Crops and Diseases, 
rewSpectively. 
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would be introduced in removing borders, especially in tlie broadcast plots than 
would result from competition between strains. 

All yields are expressed as tons per acre of dry hay. A 2- to 3-poun-d sample 
of green lia\^ was dried to determine the moisture percentage for the forage from 
each plot. Yields and moisture percentages were determined separately for the 
component parts of the clover-timothy mixtures. The separation of the clover and 
timothy w-as done hand at harvest. No separation w-as made for the second 
crop of the 1939-40 test as the percentage of timothy was negligible. There was 
no second crop of the 1942-43 test as a severe drought immediately following the 
first cutting prevented recovery. 

EXPERIMENTAL RESULTS AND DISCUSSION 

In Table i are the given yields of dry matter for the 3 years' re- 
sults. The analysis of variance of the data in Table i is presented in 
Table 2 . 

The interaction of strains X methods for the yield of clover, ex- 
cluding timotliyy was not significant for any of the tests. This in- 
dicates that the red clover strains tested showed no differential re- 
sponse for yield with the four planting methods. For example, in 
the 1942-43 tests Wilson’s White produced the largest yield, while 
Loiigliurst was the lowest for all four methods of planting. The an- 
alysis of variance on the combined yield of clover and timothy 
showed that for the first cut in 1939-40 the interaction of strain X 
method wvis not significant, whereas for the first cut in 1942-43 the 
F values exceeded the 1% level. The reason for the significant inter- 
action in this latter case can best be seen by comparing the yields 
of Wilson’s White and Longhurst. The increase in forage yfield of 
Wilson’s White over that of Longhurst for the yield of clover in the ' 
plots seeded to both clover and timothy was 0.60 ton for the row 
plots and 0.76 ton for the broadcast plots, whereas the correspond- 
ing differences for the yield of clover + timothy were 0.36 and 0.29 
ton, respectively. The difference in yield between the above strains 
for the plots seeded to clover without timothy' was 0.89 ton for the 
row plots and 0.50 ton for the broadcast plots. The differences in 
yield of the plots sown with these two strains for the 3deld of clover 
excluding timothy in the clover-timothy plots agreed better with 
the differences found when only clover is sown than does the com- 
bined yield of clover and timothy in the clover-timothy plots. This 
was to be expected since a small yield of clover offers less competi- 
tion to the timothy^ than a large yield of clover. 

A comparison of the average yields of forage obtained with tlie 
four methods shows that the yield produced by clover seeded alone 
in rows was considerabty less than for the other three methods, 
which differed from each other only slightly. 

No significant differences in forage yield were found among 
strains in the 1937-38 test. The yield of Graham’s Mammoth was 
significantly higher for both cuts in the 1939-40 trial. Wilson’s 
White produced a significantly higher yield than all other strains in 
in 1942-43, while the yield of Longhurst was significantly lower 
than that of the other strains. Wilson’s White is a vigorous grower, 
but since a , large,, percentage of, the plants possess almost glabrous 
stems, its yield is 'reduced, ■ especially in the second cut, in years 
when., leaf hoppers are abundant. . 


Table i. — Yields of dry matter in tons per acre produced by several strains of red clover grown broadcast or in rows and with and 
without timothy during 1937-38, 1930-40, and 1942-43 at University Hill Farms, Madison, Wis. 
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"TkBiAi 2. Analysis oj mrimice of d-ala presented in Table 1. 


Mean square, I937“38 


Source of 
variation 

D.F. 

First cut 1 

: Second cut 

1 

Rows 

Broadcast 

Rows i 

I 

1 Broadcast 

i .. - 

Strnins 

4 1 

0.003 

0.113 

0.047 

1 0.050 

Error i 

12 

0.043 ! 

0.090 

0.020 

1 0.023 

Methods ....... 

I 1 

15475^'^^' ! 


o. 564 »* 

1.624** 

Error 2 . 

3 

0.023 i 

0.022 

0.023 

0. 100 

S X Mt-. 

4 ' 

0.051 1 

0.028 

0.044 

0.012 

Error 3 

12 

0.020 

0.036 

0.017 

0.021 

Coefficient of variability . . 

9 - 0 % 

10.4% 

10.9% 

' io. 4'4 


Source of 
v'ariation 

D.F. 

1 

Mean square, 

1939-40 

.Mean square. 

1942 ~43 

.I^irst cut 

-Second 

cut, 

clo'ver 

■ First cut 

Clover 

Clover "f" 
timothy 

Clover 

Clo\x'r 4 
tirnotl'!)’ 

MpthocR 

3 


1.036** 


2 . 047 ** 


Error i 

1 6 

0.150 

0,055 

0.027 

0.150. 

O.IOI 

Strains 

4 

0.970** 

0.354** 

0.178** 

0.970** 

0.5S1** 

S X M 

12 

0.02S 

0.029 

0.017 ' 

0.028 

0.061:** 

Error 2 

48 

0.021 

0.028 

0.010 j 

0.02 1 

0.02 1 

Coefficient of var 

lability. . 

11.9% 

10.4% 

12.6% 

q.l% 

i 7-0% 


^‘’S'Highly significaiit. 

tS X M ~ Interaction of strain. X method. 


CONCLUSIONS AND SUMMARY 

Studies were made during the crop years of 1937-38, 1939-40, and 
1942-43 to determine if the relative forage yields of red clover strains 
are the same in small plot trials whether seeded in rows or broadcast 
and either with or without timothy. 

The interaction of strains X method of planting fijr the f(.>rage 
yield, excluding timothy, was not significant in any of the trials. 
This indicates that with small plots red clover strains react tlie 
same for forage yield whether seeded in rows or broadcast and cither 
with or without timothy. 

The interaction of strains X methods of planting for total yield 
of forage in the 1942-43 test was significant. The reason was "that 
differences in the yielding ability between strains when timothy 
was sown are masked by an increased 3deld of timothy for the low- 
yielding strains of clover. Thus it is necessary, when a mixture of 
red clover and timothy is sown, to make a separation of the clover 




A simple and rapid method of calibration has been devised. A 
metal trough is placed in a position to catch the fertilizer and held 
secure by two linked chains. The metal trough (ridge-row) is shown 
in Fig*. 2 as attached to the distributor. 

The fertilizer rate for an area equal to the width of the distribu- 
tor and the length equal to the distance covered by ten revolutions 
of the wheels is calculated. A marker (rag) is tied to the wheel rim 
and the revolutions are counted. The fertilizer is weighed after each 
trial and the aperture size is increased or decreased until the desired 
quantity is obtained. With this simple method it is possible to 


and ^ timothy in order to evaluate, the yield of different red clover 
strains. 

The data indicate that for the range of material tested and under 
conditions comparable to those found at Madison, Wis., row or 
broadcast plots seeded to red clover without timothy are satisfac- 
tory in testing the yielding capacity of red clover strains in prelim- 
inary small plot trials. 


NOTES 


A DEVICE FOR SETTING FERTILIZER DISTRIBUTORS 
ACCURATELY AND A SIMPLE METHOD OF CALIBRATION 


Pig. I.— Screw attachment placed on fertilizer distributor to facilitate calibration 
and assure desired size of aperture when it is necessary to open and close aper- 
ture during distribution. 


I T is difficult to adjust most fertilizer distributors to a specific 
size of aperture to assure delivery of desired rates of fertilizer. 
When it is necessary to open and close apertures when moving the 
distributor between replicated plots, it is difficult to maintain a de- 
sired rate of distribution of fertilizer. The method of blocking up 
wheels and turning a given number of revolutions for calibration has 
been used, but it is a laborious method. 

The screw adjustment (Fig. i) has been helpful in maintaining 
desired rates of distribution when it is necessary to open and close 
apeiffures to stop fertilizer distribution, as well as serving as an ac- 
curate adjustment during calibration. 
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A TROPICAL WINTER PLANT' BREEDING STATION ENABLING TWO 
FIELD GENERATIONS A YEAR 

P LANT breeding investigations in cotton require, of necessity, 
an approach involving considerable time, due to the evident 
fact that in the temperate climates of the United States but one 
field crop a year can be produced. In the design of a program of 
study planned to establish a quantitative basis for the poorly de- 
fined character called “quality"’ in American Upland cottons, 
Gossypitmi hirsutum, it became apparent that no less than 10 gen- 
erations would be adequate to accomplish this end. The program 
called for intervarietal hybridizations to establish widely variant 
Fo populations from which selections of new genic combinations 
could be made. Since the plan required several backcross genera- 
tions to fix desirable genetic complexes, and since it appeared ad- 
visable to self each backcross generation, one can readily see that 
the time period necessary to achieve this purpose would approach 
our estimate. 

Ill order to condense this proposed schedule, a new departure 
from conventional plant breeding procedure was sought. Since each 
generation should be of sufficient size to lend itself well to a statis- 
tical analysis, the use of conventional greenhouse facilities would 
be inadequate to enable the production of a second generation in 
any given calendar year. With these considerations in mind, it ap- 
peared advisable to secure an environment that would enable the 
production of a field crop of cotton during the winter months, there- 
by reducing the time of the experiment to half. The reversal of sea- 
sons in the Southern Hemisphere suggested .winter culture of cot- 
ton in a region of southern latitude comparable to that of our Ameri- 
can cotton belt. However, upon investigation of climatological and 
edapliic data of likely regions in the Southern Hemisphere and trop- 
ical zones of the Northern Hemisphere, it appeared advisable to se- 
lect in the economy of time and money an area meeting the environ- 
mental growth requirements for cotton as close to our permanent 
research station in Dallas, Texas, as. possible. 

Such a region was located in southern Mexico on the western 
coastal plain, and two winter crops of experimental cottons have 
been successfully han^ested from this area. This region extends for 
about 450 miles along the Pacific coast of Mexico, approximately 
equally distributed north and south of the port city of Acapulco, 
and is quite narrow, ranging from Jd" mile to not more than 4 or 5 
miles in breadth. The climate of the area is characterized by hot 
rainy, .summers and . warm .dry winters. A, tropical climate prevail- 
ing the year around mairitains a diverse, though limited, agricul- 
tural economy. Gorn'is the staple cereal and is grown extensively, 
climatic and soil conditio.ns^ enabling three crops a year. Citrus fruits, 
.coconuts, and sesame seed are grown for commerce, while truck and 
.home garden crops are. harvested in ^almost -every month of the. year. 
Some cotton is grown in the foothills bordering the tropical coastal 
lowlands; but due to the ravages of insect pests, primarily the boll 
weevil, cotton production in this area remains limited. 
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' The largest city in the coastal plain is Acapulco in the Slate of- 
Guerrero. Acapulco is joined with Mexico City by a paved alhweatli- 
er road and also serves a,s the terminus for a modern airline which 
provides two round-trip flights daily tn Mexico' City. The trans- 
portation facilities to Acapulco suggested . that region as the most 
desirable area in the coastal plain for the niaintenance of a. winter 
cotton breeding station. . . ' , 

The Department of Agriculture of Mexico .maintains an agricul- 
tural experiment station 6 miles inland from, the coast in the small 
sheltered valley of the Rio Papagayo in the foothills of the Sierra 
Madre Occidental. Through .the excellent cooperation of Ing. Dario 
L. Arrieta M., Director General of Agriculture, land was made avail- 
able for our use at the station. This station is located on latitude 
16*^ 15''' and is approximately 5 meters above sea level. The region 
is truly tierra caliente, located in the tropical zone slightly south 
of the thermal equator. It has a mean annual temperature of 27® C 
and average annual extremes of 34.6*^ and 17.1^.^ The mean tenipen*- 
ature during the winter growing season from September to ^lay is 
26.5"^, In comparison the Dallas mean annual temperature is iS.6®C, 
while the mean temperature of the grooving seavson months from 
April to September is 25.1'". This favorable similarity of t^snpera,- 
tiire date for the Dallas and Acapulco gTowing seasons conlirmed 
the feasibility of establishing this winter station for our purpOvScs, 
The western tropical coastal, lowlands of Mexico recc^’ve c'onsid in- 
able ra.infall occurring for the. most part (90 to 97^7^;) during the 
months from. May to October, the mean annual rainfall at Acvipuhco 
over, .the ,8-year recorded period being 1,380 mm,. This cv)nipares 
favorably, with piecipitation data for Dallas, w.hicli has a mean an- 
nual precipitation of 917 mm, .with more .than. half of the rain falling 
during the Dallas .summer growing season, from April to Septeriiljcr. 
The abundance of rainfall diiri.ng the summer .mo.ntIi.s at Acapulco 
provides adequate ground moisture without hindering land prep:t- 
ration during September, and at the- same time assuring sufficient 
soil . moisture for good geniiination.- The remaining precipitation 
■occurs during the fall months., leaving the fruiting aiicl harvesting 
.months of February, March, and April wdthout any recorded pre- 
cipitation. Throughout this entire region ground water is abundant 
during the winter months and is available 5 to lo meters from the 
surface, enabling the use of shallow w^ell pumping for irrigation pur- 
poses. During the winter growing season the relative humidity re- 
mains high, ranging from, .79. to 82% for the period September 
through January, and 77 to 78% during the months of no rainfall of 
February through April. 

Two hectares (2.47 acres each) of clay loam, well drained and lo- 
cated adjacent to an irrigation pipe line leading from a large well, 
mwe selected. The major problems in cultivation of a crop follow- 
ing ^themainy season lie-in weed -and insect-, control.- A. diversity of 
native vegetation manifesting luxuriant tropical growth taxes the 


Ward, Robert DeC,, Brooks, C. F., and Connor, A. J. The Climates of 
North ilmerica. Handbuch der Klimatologie. 1936. (Page J 56.) 
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agricultural diligence of the local farmers. The major and most per- 
nicious of these weeds is the wild morning glory, related to our bind- 
weed. Control of insects, particularly the boll weevil and several 
hemipterous stainers, was accomplished with frequent dusting of 
calcium arsenate^ and sulfur insecticides. There are no pink boll 
worms reported in the region. 

The harvest of the experimental cottons in Dallas was initiated 
during the latter part of August and was completed by September 
15, In the economy of time, ginning, delinting, and ceresan treat- 
ment were performed concomitant with the harvest. In anticipa- 
tion of the need to break seed dormancy, seed were moistened and 
stored at 5"^ C previous to transporting them to Acapulco; however, 
it was found that this procedure was not necessary to insure good 
germination, and the practice was discontinued. The seed samples 
were inspected and fumigated by Bureau of Entomology and Plant 
Quarantine officials at Laredo, Texas, the port of entry into Mexico. 
They were then transported by automobile to Acapulco and planted 
early in October, Cultivation, and irrigation when necessary, was 
taken care of by the local experiment station officials. Flowering 
usualty was initiated by December 15, and by January i the plots 
were ready for the self-pollination operation, which was attended 
to by our agronomist. The harvest of the winter crop can be accom- 
plished during March, and with the aid of a small laboratory model 
electrically powered portable gin, the seed was prepared for trans- 
porting back to the United States. Ceresan treatment is again re- 
quired plant quarantine regulations. The seed entered at the port 
of Laredo, wdiere they w^ere again inspected and fumigated by quar- 
antine officials. Planting can b^e initiated early in April at the Dallas 
station. 

The breeding program employing the tropical winter field crop 
was designed so that all hybridizations (outcrosses and baekcrosses) 
were made in Texas, followed by selling in Mexico. Selections were 
made in the subsequent generation which was planted in Texas 
so that environmental influences might not affect the validity of 
the selection. The differences of the two environments made them- 
selves evident in plant habit, yield, and fiber characteristics. These 
data will be published elsewhere. The most apparent difference 
between the two environments was the photo period. This factor 
may account for the more sympodial type of growth and the in- 
creased yields at Acapulco compared to the growth and yields in 
Dallas., It 'Was observed that' there was a marked difference in the 
adaptability of individuals and strains of different origins to the dif- 
ferences of environment between the summer and winter stations, 
but in all cases the results were entirely satisfactory to ^ajlow an un- 
interrupted two-generation-a-year study of all strains and varie- 
ties employed in the work.— Harold H. Webber, Research Divi- 
sion, National Cotton Council of America y Dallas, Texas. 
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NURSERY MARKER AND FURROW-OPENER 

S PEED and effectiveness are combined in the tractor-propc'Iled 
marker and furrow-opener used in our small Rrain aiid fnre^c' 
crop nurseries this year. Simply and inexpensi\-dy made 
Stellatella, Eesearch Eoreman of the Fartn Crops Department, and 
D. Smith of our Farm Department, the implement has saved much 
time and drudgeiy and has resulted in a very neat nursery. 

A horizontal iron bar bolted to the cultivator attachmeiit' of tlie 



Pig. I.- -Speed and etteetivenep are combined in this simple tractor-iiroiK-ilo 
markerMiKi furrow-oirenet'. ^ 



2. Straight roivs and even start attest the efficiency of the fur 
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tractor tised in the Farm Crops Department carries eight triangular 
shovels at the ends of short vertical rods. The nursery marker and' 
fuiTow-opener lias its own marking rod that is used to make a guide 
line for the near front wheel of the tractor on the return. 

As row^s in the nursery are spaced one foot apart, a 7 -foot bar 
accommodates the eight shovels effectively. Conveniently, this is 
just right also for making three marks for 42-inch corn rows. A spe- 
cial marking rod is substituted when the marker and furrow-opener 
is being used for corn. 

The depth of the furrow, of course, can be be varied by the lever 
that actuates the cultivator attachment, and the implement can be 
raised w^ell up out of the way for turning and for road travel . 

Two vertical guides eliminate sway in the cultivator attachment, 
a sway that obviously would be undesirable in a nursery marker 
and furrow-opener. 

No detailed description of our model is included here since the 
great merit if the implement is its simplicity and adaptability. Use 
of the cultivator attachment of a tractor is fundamental and so is 
the elimination of at least most of the side sway. Naturally modi- 
fications will be necessary where other types of tractors- are used. 

We are pleased with the good performance of the implement in 
our small grain and forage crop nurseries as well as corn plots. Straight 
rows and uniform start attest its efficiency. — R. S. Skell and S. 
Stellatella, New Jersey Agricultural Experiment Station, New 
Brunswick, N. J. 

ERRATUM 

R eference is made to the article appearing in Vol. 32, No. 8, 
^ Aug. 1940, of this Journal entitled, “The Nitrogen, Organic 
Carbon, and pH of Some Southeastern Coastal Plain Soils as In- 
fluenced by Green-Manure Crops” by Rulon D. Lewis and, James :H. 
Hunter, 

Renewed interest in the nitrogen and carbon relationships in the 
soils of the Southeast revealed that the carbon level of soils similar 
to those studied in the article reported above was much higher than 
those reported, whereas the nitrogen level corresponded very closely 
to the previous data. This caused the authors to review the records, 
and to search out the samples in question from the store room for a 
re-determination of their carbon content. The new determinations 
revealed that the carbon content of the soils was exactly twice that 
reported. The laboratory record books showed that only one-half of 
the base involved in the iiitrapment of the carbon dioxide had been 
accounted for in the calculation of the carbon equivalent for making 
the calculations of the carbon content of the samples, 

■ All investigators are respectfully requested to multiply the carbon 
and carbon-nitrogen ratio as reported in the above article by two in 
order to give the true picture of the carbon and nitrogen relationships. 
— The Authors. 
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AGRONOMIC AFFAIRS 

PROCEEDINGS OF NATIONAL JOINT COMMITTEE OH MTROGEN 

UTILIZATION 

T he National Fertilizer Association has assembled tlie reports of 
cooperators and subcommittee chairmen 04' the National Joint 
Committee on Nitrogen Utilization for 1944 and piiblisJied them in 
mimeographed form as the Proceedings of the iliird. annua! meeting. 
While wartime travel restriction prevented a nieeling of tlie Commit- 
tee in '1944, widespread "interest in the Committee Is work led to the 
publication of the Proceedings. 

Organizations represented on the Joint Committee, in addition 
to the American Society of' Agronomy, include the American Society 
for Horticultural Science, the ^Association of Land-Grant Colleges and 
Universities, the National Fertilizer Association, the Society of 
American Foresters, the Tennessee Vallejo Authority, and the IT. S. 
Dept, of Agriculture. The officers of the Committee include F. 'W. 
Parker, general chairman; N. J. Volk, vice chairman; llie laic H. R. 
Smalley, general secretary; and the late H. H. 7 hmmcrlc\M:vasiirer. 

A proposed merger of the National Joint Corntniltec on Fertilizer 
Application and the National Joint Committee on Xitrr^geti Utiliza- 
tion was generally approved in a mail vote taken among tlie members 
of the latter Committee. Chairman Parker Thereupon apimiutcd a 
committee consisting of N. J. Volk, diainnan, \V. Jh rhiden, S. B. 
Haskell, and J. H, Gourley to confer with a similar conirniilee from 
the National Joint Committee on Fertilizer Application to work out 
details of the .merger for submission to the membershif) (,)f the two 
Committees. 

DOCTOR WARBURTOH RETIRES 

D octor C. W. Warburton, Deputy Governor of the Farm 
Credit Administration since February, 1940, ami frcin Septem- 
ber, 1923, to that date Director of Extension Work in the D. S. 
Dept, of Agriculture, retired September 30 after 41 years of service. 

Prior to 1923, Doctor Warburton was engaged in research with 
cereals in the Bureau of Plant Industiy. He was Secretary of the 
American Society of Agronomy from 1915 to 1919, Presiclentln 1925, 
and Editor of the Journal for several years. 

Doctor Warburton expects to devote much of his time to WTiting 
and to extension and farm credit. He will make liis home at 4512 
Thirtieth Street, N. W.y Washington 8, D. C, : 

. BIBLIOGRAPHY ON MINOR ELEMENTS 

The Chilean; NitratE: Educational Bureau, Inc,, aiinoiimes 
publication of the sixth supplement to the (bird c^lition of tlie “bibli- 
ography of References to the Literature on tlic^ Minor Elements 
and Their Relation to Plant and Animal Nutritiond’ 

The first edition of this Bibliography was pnildished in August, 
1936, the second in November, 1936, and the third, the last complete 
edition, in February, 1939. Subsequently, the first supplement was 



AGRONOMJC^AFPAIRS 86$ 

piiblisiied in April, 1940; the second, April, 1941; the third, May/ 
1942 ; the fourth in June, 1943 ; and the fifth in July, .1944. ■ 

The latest publication in this series, the sixth supplement, con- 
tains 744 abstracts,^ which include 97 crops and 53 elements. There, 
are 1,056 authors listed. Complete indices are . provided, including 
an element index, a botanical index, an author index, and an index to 
abstracts dealing with animal nutrition. 

HEWS ITEMS 

Eugene J. Carpenter, Soil Conservationist in the U. S. Soil 
Conservation Service, Pacific Coast Region, with headquarters, in 
Portland, Ore., died on September ii, 1945. 

The Wisconsin Agricultuiuil Experiment Station has an- 
nounced the introduction of the “Delwiclie Commando” canning pea 
which has proved practically 100% resistant to the common pea 
wilt and the near-wilt disease under Wisconsin conditions. The new 
variety was developed from a cross involving Pride and two pure 
line selections from Admiral. It is classed as a sweet midseason 
variety with definitely wrinkled seed. It is double podded and has 
approximately ^ the same season, although a day or two earlier, as 
Wisconsin Perfection, and resembles that variety in sieve sizes, vine 
heights, shape of pod, and yield. 

The National Research Council announces that it is now ready 
to receive nominations and applications for the predoctoral fellow- 
ships in the natural, i.e., mathematical, pli3^sical, and biological, 
sciences which^ it is administering under a grant from the Rocke- 
feller Foundation. These fellowships are intended to assist young 
men and women, whose graduate study has been prevented or inter- 
rupted by the war, to complete their' work for the doctorate. It is 
hoped that these fellowships will do much to accelerate the recovery 
of the scientific vigor and competence of the countr^r which is so 
seriously threatened by the loss of almost two graduate school 
generations of scientifically trained men and women. The annual 
stipend will be $1200 for single persons and $ 1^00 for married men. 
Ill general it is expected that each recipient will spend at least ii 
months per year on academic work. An additional allowance up to 
$500 per year will be made for tuition fees. Fellowships granted to 
individuals who are eligible for educational support from the “G.I. 
Bill of Rights” will be at such stipends as to bring the total income 
from these two sources to that which would be received at the above 
rates. Prospective candidates for these fellowships are urged to appl3r 
at orK.'e c\un though they may be unable to undertake their graduate 
study in the iinmediate future. Information concerning these fellow- 
ships and nomination-application blanks are being mailed out widely 
to graduate schools and wartime research laboratories. They may 
also be obtained by writing directly to the Secretary, Committee on 
Predoctoral Fellowships, National Research, Gouncili 2 loi'; Consti- 
tution Avenue, N. W.,A¥ashington 25, D. G. 
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. Doctor F.' D. Keim, Chaimian, Department of Agimoniy, Uni- 
versity of Nebraska, has been granted- leave of absence to serve on 
the faculty of the Army University Center .at' Biarritz, France, where 
he is Chief of the Agricultural Section and in charge of the Agronomy 
Division. His address is Dr. F. D. Keim, X008978. Agricultural 
Branch, Biarritz American University, ■6857th 0 /Ii Det., APO 772, 
c/o Postmaster, New York, N. Y. 

__A— 

Leroy Donald has been appointed chief agronomist, Sales 
ilgency Department, Barrett. Division, Allied Chemical and Dye 
Corporation. Mr. Donald was formerly soutlierii agronomist for the' 
same corporation. 
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THE COMPARATIVE RATES OF GROWTH OF TETRAPLOID 
AND DIPLOID SWEETCLOVER, MELI LOTUS ALBA DESR3 

Marshall Evans and I. J. Johnson- 

M uch interest has been manifested in the discovery of the action 
of colchicine as a polyploidizing agent. Polyploids, both 
autotetraploids and amphidiploids, have been produced in many 
species by numerous investigators. Many workers have studied 
artificially induced polyploids primarily from a genetic or cytologic 
standpoint, while others have described the polyploids with no 
attempt to measure their economic value. A few investigators 
have shown that the species under investigation were improved 
in one or more characters by treatment with colchicine and, often- 
times, by an associated hybridization. Species and sub-species seem 
to react ciuite differently to the induction of polyploidy. 

Randolph (8, 9)® reported that non-inbred autotetraploid corn derived from 
heterozygous stocks was as vigorous as or more vigorous than the parental 
diploids. Autotetraploids produced from the diploid inbred lines ordinarily were 
conspicuously lacking in uniformity and vigor. Hybrids between certain inbred 
lines exhibited pronounced hybrid vigor. Autotetraploid tomatoes observed by 
Kostoff and Kendall (7) were taller than diploid plants one month after planting 
but were surpassed by diploid plants during the following 4 months. Because the 
autotetraplpid plants grew for a longer period of time, they were taller than the 
diploid plants at the end of the seventh month of growth. 

Diploid white clover, a 32-chromosome species, compared by Atwood (1) 
With induced 64-chromosome sectors, always appeared to have a faster rate of 
growth than the autotetraploid sectors. 

In a study of fruit development in several lines of CucurbUa throughout their 
growth period, Simiott, Blakeslee, and Franklin (12) found that the relative 
rate of growth of autotetraploid fruits was considerably faster during the early 
stages but was no different from the diploid fruits in later development. At 
maturity, fruit volume was about the same in both types. The cells of tetraploicl 
Cucurbita fruits, were, on the average, twice as large and half as. numerous as the 
cells of the diploid fruits, ^ 

Frankhauser (3) demonstrated that the increase in cell size of the naturally 
occurring 4n larvae of the Salamander, Eurycea hislineata, in comparison with 
forms of lower chromosome number, was neutralized by a corresponding decrease 
in cell number. 

Gustafson (4) found that, the autotetraploid marigold, Guinea Gold, had 58.1 % 
a s much growth hormone as the diploid; the autotetraploid of the marigold, 

■^Contribution from the Farm Crops Subsection of the Iowa Agricultural Ex- 
.periment .Station, Ames, Iowa, . Journal paper. J-1293 Project' 152. Received foi'v: 
,,,publication,,May',26,::i'945.,''.''''', . 

^Research Associate and Research Professor of Farm Crops, respectively. 
^Numbers in parenthesis refer to “Literature Cited”, p. 874, 
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Golden West, had 76.3% as much. as the diploid; and the anlotelraploirl tomato, 
Lycoperiscmi pimpinellifoUutn, had 56.8% as much as the diploid. In this connec- 
tion it is of interest' to note that the leaves, flowers, and seeds of aiitoletrapioid 
marigolds were larger than those of the diploids. 

Siillivan (13)^ studying polyploid .Xclh/w perenne and Trifoiium repens, Imnd 
that, in general, an increase in number of chromosomes was freqnenriy associated 
with an i,ncrease in the soluble constituents and moisture content, and \Yith a 
decrease in the structural constituents. 

Randolph (8) indicated that induction of aiitotetraploidy in corn grain re- 
sulted in significant increases in total nitrogen, fata, calcium, potassium, and 
niagnesium with compensating decreases in carbohydrates, sulfur, and phos- 
phorus. 

Randolph and Hand (10) analyzed corn and found 211 liomo2>'gous yellow 
corn grain contained 0.0267^0.0004 mg and 411 liomozygoiis yellow i;orii grain 
0.0380 dbo.0007 mg carotinoid per gram- of dry. meal. 

Kostofi and Axamitnaya (6) reported that the tetraploid tomatoes v'oiitained 
more protein, waiter, and soluble carbohydrate, and less ash, stxirch, rellulose, and 
hemiceliulose than the diploids. 

Sansorne and Zilva (ii), using the prophylactic test, determined that all of the 
autotetraploid strains of tomatoes were appro.xiraately twice as active as the 
diploid when they were examined for their vitamin C content. 

The study reported in this paper was made to evaluate the rates 
of growth of autotetraploid and diploid biennial sweetclover, Meli- 
loitis alba. To be of commercial value, autotetraploid sweet ckwer 
should be at least equal to the common diploid forms in the major 
agronomic characteristics and superior i.n some respects tc.) waarrant 
its further recommendation. Observation of greater size of seeds, 
greater size and vigor of seedlings, thicker and larger leaves, and 
larg€^r flowers would lead one to. believe that the rate of grcAvtli and 
yield of autotetraploid M. alba might be superior to that of the 
diploid form, 

MATERIALS AND METHODvS 

The .studies on the relative rates of growth were made in tlie greenliotise at a 
temperature of 65® to 75° F during the winter of 1942-43, The soil tised in pot 
cultures was a sterilized mixture of one-third sand and two-thirds field soil. No 
supplementary nutrients were added to the soil. Natural day length was increased 
to 1 6 hours with light from 200-watt clear Mazda bulbs. 

Open-pollinated seed of four diploid and four autotetraploid i-year self ed lines 
oflowa Late White sweetclover was planted in 4-inch pots on November 5, 1942. 
Eight seeds were planted in each of 15 pots per strain to insure an adequate stand 
for_ subsequent thinning. The pots ewere arranged in a completel}' randomized 
split-plot design with three replicates. Strains constituted whole |)1ots; five pots 
of each strain for dates of harvest and measurement constituted sub-plots. 
After emergence, the stand was thinned to five plants per pot. Wlieri tlie ])lanls 
had reached a height of approximately 20 cm, the stand was furtlicr redrmed to 
two plants per pot. Plants definitely abnormal or diseased were removed between 
the first and final thinnings. 

Beginning November 23, and at intervals until Klurdi 8, height measure- 
ments were made of two plants in each of the pots in (he experiment. Height of 
a plant was determined in centimeters from the surfat'e of the soil to the maxinuaii 
height to which the uppermost leaves would extend when gently stn)kcd upward. 

On December 21, and at intervals until March 8, all pdaiits iti n randomly 
chosen pot in each of the \vhole plots were cut at the surface of the soil, weighed, 
dried at 90° C in an electric oven, and reweighed to determine Use T)er<*entage of 
dry matter. ■ : 

RESULTS 

An important part of any study on comparative growth rates 
is a measurement of the ^Tapital” or original embryo weight of the 
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material under comparison. This is particularly true for legumes, 
such as sweetclover, in which the cotyledons function in photosyn- 
thesis soon after piergence of the seedling. The seeds of the auto- 
tetraploid and diploid strains,' therefore, were weighed to serve 
as a possible explanation of differences in seedling and plant meas- 
urements that might have occurred in subsequent stages of de- 
velopment. 

These data, given in Table i, show that each of the four aiito- 
tetraploid strains exceeded the four diploids in seed weight. The 
average for the two groups of 2.65 and 1.70 grams per 1000 seeds, 
respectively, represent an increase of over 50% for the autotetra- 
ploid lines. These data are in general agreement' with those reported 
in the literature. 


Table i. — Weight of 1,000 seeds in grams for the four strains of autotetraploid and 
diploid M. alba used in growth rate studies. 


Autotetraploid strains 

Diploid strains 


Strain 

Weight in grams 

Strain 

Weight in grams 



per 1,000 seeds 


per 1,000 seeds 


lOI 

2.33 

102 

1.65 


103 

2.99 ' 

106 

1-35 


105 

2.88 

III 

2.06 


109 

2,38 

1 16 

1.74 

Mean 

2.65 

Mean 

1.70 


From the time the plants %vere approximately i inch tall until 
they reached a height of 40 inches, measurements wmre made at 
six successive 2-week intervals, and a final measurement i month 
later. The data summarized in Table 2 and presented as a logarithm 
of height in Fig. i show^ a small difference in height in favor of the 
autotetraploids for the first six periods after emergence, and a slight 
advantage for the diploids at the final rneasurement on March 8. 
From the analyses of variance summarized in Table 3, the differ- 
ances between the two groups were significant at the 2-week stage, 
highly significant at the 4- and d-wj'eek stages, and significant at 
the B-week stage of growth. For the last three periods the difiference 
ill height between the two groups was not significant. It may be 
possible that the differences in the early stages of growth were due 
to the difference in seed weight of the two groups as shown in Table t . 

It should be recognized that the autotetraploid and diploid strains 
were not derived as seed or sectors from the same plants but were 
frorn lines related only as first’ year seifs of the variety Iowa Late 
White. Therefore, it must be assumed that the mean growth curves 
of the four strains of each of the. two groups were representative 
of much larger populations or of much more closely related auto- 
tetraploid and diploid lines. '■ '■ ■ 
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Iable 3, Mean height per plant in centimeter. <; at seven date^ nf 

each of fo ur strains of autotetraploid and- diploid 'xLalha 


Strain 


Plant height in cm on 


Nov. 23 Dec. 7 pec. 2,r Jan. 4 jjan. iS j Feh. 


« i Mar. S 


1 01 
103 
105 
fog 


Mean, 


.2.30 

3.00 

2.90 

2.35 


2.64 


4.01 

3.27 

3.10 


4n Group 
9.07 j 

9.59 
8.94- 
8.44 


3.52 


22.12 

23.40 

22.90 

21.19 


354^ 

38.46 

3,5-09 

38.90 


59.67 

61.79 

62.59 

70.64 


82.47 
i 00.20 
104.90 
123.40 


2n Grouf 


9.01 ! 22.3s i 36.97 i 63.67 !"To2.74'’ 


102 

106 

III 

I,i6 

2.57 

2.19 

2.71 

2.51 

2.84 

2.43 

3.52 

2.99 

1 7.48 
6.76 

9.57 

747 

^ 18.5.1 
18.98 
24.51 
20.43 

32.80 

31-36 

42.12 

35-73 

35-, S5 { 

57-16 
60. .19 
66.81 
65.08 

62 ..3 I 1 

97-9 ! 

94.06 

83.86 

122.77 

121.16 

Mean .... 

2.50 

- 

2.94 

* 7.82 

20.6l 



'<>5-34 

102.5 

2n in % of 4n. . 

94-7 ! 

83..S 

86.8 

92.1 

96.2 


i-fry ^ weight determinations were becnrn iU i . 
approximately 3 inches tall anH were 

cessive 2-week intervals Ind ^ thereafter at three suc- 

are summarized i,rTable f a ^-month mteiwal. These data 
in Table j. The Larithmt S hJJ , ‘‘’‘e found 

Mean dry weight of autotpir-ni . presented in Fig. i. 

1% levefonlvlt the St ^’gh^r at^he 

the differences were not signlS-ant^Thf^ suKseciuent dates 

ofr ss? 


Source 
of vari- 
ation 


Strains . . . 

Within 4n' 
Within 2n| 
4n vs 211 
Repli- 
.cates...... 

Exp. errorl 


De- 

grees. 

of 

free- 

dom 


7 

3 .^ 

3'"' 

i. 

2 

14 


^Exceeds the 
•''•^Exceeds the i< 


Mean 


squares for measurements made < 


Nov. 


23 


.2497** 

4979*'' 

. 1450 *’**! 

. 1191 ’^ 

.0827’^ 

J.0171 


Dec. 7 


<^•7559 

0,5013 

Q.6088’ 

^• 9338 =*'* 

0.0338 

0.0403 


% level of significance. 
'0 isvel of Significance, 


Dec. 21 

Jan. 4 

Jan. f8 

Feb. 8 

3.4145** 

0.6698 

4.4452** 

8.5562** 

■ 13447* 

2.720 
! 2.-2.344^* 
18.940* 

3.544** 

1.193 

6.675 

, 1 ,201.:-: 

56.57 

■■ 'Cig.20, 

t' 58.94 
It. 57;' 

0.0773 

0.3625 

0.912 

3-314 

■-^1422' ■ 

^-195 

145.22* 

:t33..§2t. ;■ 


Mar. 8 


868.e 
849.8 
1 164.3 

38.2 


S35-i 

398 .; 
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development, 

for dry weight per plant, whereas for plant height there was con- 
siderable deviation from. period to period.. 

The dry matter percentage of the two groups of strains is given 
in Table 6 and the analyses of variance in Table 7. These data show 
consistently .higher, values for the diploid ■ group at each of the five 
stages of growth, and, except for the harvest, on January 4, the 
differences were either significant or highly significant. These results 
are in, . agreement with those reported .in ..the literature. 

DISCUSSION ■ 

From the many investigations reported in the literature and from 
the results of this study there still remain many questions as yet 
unanswered on the probable significance of induced autotetraploidy 
■in, ero.p . breeding. The :larger„seeds-, leaves,, -and flowers .and the. .gener- 
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Table 4.— Meaw. dry weight per plant in grams at five dfiies of harvest for each of 
four strwins of autotetr aphid ajtd diploid strains of M. iiiha. 


Strain 


Dry weight per plant in 'grams on 


Dec. 2 1 ■ 

Jan. 4 

Jan. 1 8 

Feb. 8 

'Mar. 8 „ 

lOI 

0.0260 

411 Gr 
0.0740 

□up 

0.223 

0.720 

1433 

1.03 

0.0437 

0,1070 

0.267 

0*733 

2.167 

105 

0.0347 

0.0970 

0.233 

0.717 

2.983 

109 

0.0373 

0.0980 

■ 0.337 

L053 

3.717 

Mean ........ 

0.0354 

0.0940 

0.265 

0.81:5 

2.575 

102 

0.0280 

211 Group 

0.0583 1 0.247 

0.803 

2.333 

106 

0.0247 

0.0663 

0.187 

1 .093 ^ 

1-983 

III 

0.0317 

0. n 1 0 

0.320 

0.7 ! 7 i 


n6 

0.0257 

0.0917 

0.240 

0.580 1 

3.400 

M'ean 

0.0275 

0.0818 

0.248 

0,798 j 

2.821 

211 in 4^. . 

77.7 

1 

1 

i 

1 00 

93,6 

97-9 ' 

; 109.6 


ally more robust appearance of the seedlings w<')uld lead one to be- 
lieve that the autotetraploid sweetclover would he superior to the 
diploid strains in rate of growth and total yield. The experiment 
reported here gives evidence of superior size of plants only in the 
early stages of growth of the aiitotetraploids. That superiority may 
be largely due to the greater seed size. x\lthough the differences “were 
not large, increased vigor of seedlings in the autotetraploid sweet- 
clover would be advantageous, especially in regions where difficulty 
in stand establishment is encountered. 

^ In a preliminary field trial comparing individual Fi plants from 
sister diploid and autotetraploid inbred lines of sweetclover (2) no 
advantage in percentage of leaves, total nitrogen, or coumann was 


Table $.~-~Mean squares from the analyses of variance for dry weight made af each 
of five stages in the growth of autotetraploid and diploid J/. alba. 



Degrees 


A'lean squares for dry 

weights on 


Source of 

of free- 






variation 

doni 








Dec. 21 

Jan. 4 

Jan. 18 

Feb. 8 

Mar. 8 

Strains. . . . 

. 7 

.000135** 

,001 127** 

.00739 

.09394 

2.097 

Within 411 . 

3 ' " 

.000161** 

.000594 

.00787 

.07723 ' 

2.940 

Within 2n . 

3 ... 

.000029 

.001740** 

.00903 

,14140* I 

1.831 

411 vs 2n . . . 

I 

.000376** 

.000888 

.001 00 

.00170 ' 

0.363' 

Replicates 

■ 2 

.000051 

.000425 

.00185 

‘O5530 

2.138 

Exp. error. 

H 

.000026 

.000219 

.00544 

.04084 

1.372 


*Exceeds the 5% level of siRiiificance. 
^''‘'Exceeds the 1% level of significance. 
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Table 6. — Memt dry percentage at five dates of^ harvest for each of four strains of 
autotetr aphid and diploid M. alba. 


Dry matter percentage on 


Strain 

— 



■ 



Dec. 21 

Jan. 4 

Jan. 18 

Feb. 8 

Mar. 8 


4n Group 


101 

H -57 

13-93 

18.67 

21.43 

27.07 

103 

14.00 

H-73 

17.93 

22.40 

24,43 

105 

14.23 

13.60 

18.33 

20.37 

26.63 

109 

1 13-97 

14.03 

' 17-47 

21.20 

24.53 

Mean 

1 14- ly 

14.08 

18.10 

21.35 

25.67 


2n Group 


1 02 

14.67 

1 15-47 

19-43 ! 

21.53 

27.40 

106 

15-17 

13-57 

18.53 

21,87 

27.27 

,i 1 1 

15-37 

1 15-43 

20.33 

23.80 

28.50 

116 

16.60 

1 15-17 

19.47 1 

21.57 

28.97 

Mean 

15-45 

14.91 

19.44 

22.19 

28.03 

2n in % of 4n , . 

108.9 : 

105-9 

107.4 

103.9 

109.2 


evidenced. The plant material used in this preliniinar}^ field trial 
was produced following a method that represents only one of two 
alternative choices for producing autotetraploid inbred lines, namely, 
doubling the chromosome number of diploid inbred lines. A second 
alternative is that of doubling the non-inbred heterozygous stocks 
followed by inbreeding and establishment of inbred lines. Randolph 
(8, 9) found the second method to be greatly superior both from the 
standpoint of increased vigor and fertility. This procedure^is now 
being used in the breeding program but has not progressed sufficiently 
to utilize the material in crosses. ■ 

As yet there has not been a characteristic reported, other than seed 
and seedling size, which favors the utilization of the autotetraploid 
form of M, alba. 


Table j.—Mean squares from the analyses of variance for percent dry matter at five 
stages in the growth of autotetraploid and diploid M. alba. 


Source of 
, variation 

Degrees 
, of 

freedom 

Mean squares for determinations made 

Dec. 21 

; Jan. 4 

Jan. 18 

Feb. 8„ 

Mar, 8' , ' 

Strain .... 

■7' 

2.323* 

1-939 

2-583 

3.014* 

8. ,134**, 

Between 411 

.'3' .! 

0.230 

0.680 

0.803 

2.100 

5.700** 

Between 2n 

3 . ' 

2.023* 

2.453 

1.287 

3-517* 

2.080* 

411 VS,211.. . . 

■ 'I • ■ 

9.500** 

4.170 

10.810* 

4.250* 

33.600** 

Replicates 

, 2 ■■ 

1.9 10 ' 

2.285 ! 

2.965 

0.240 

' : ■■'■I , .21 5 

Exp., error. 

14 

0.576 

0.939 

1.580 

0.861 

' :0.,496:,; a 


■■^'Exceeds the 5% level of significance. 
**Exceeds the r% level of significance. 
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Since natural autotetraploidsrsuch as orchard grass, crested wheat- 
grass, tall oatgrass, and birdsfoot trefoil, do exist in nature, it is only 
reasonable to assume that in. these species there has been an evolu- 
tionary advantage from chromosome ■ doubling. However, natural 
selection has taken place within a very large population over many 
years. Plant breeders may utilise only a small population in a rela- 
tively short time in producing and selecting aiitopolyploid species 
equal in agronomic characteristics to those that occur naturally. It 
is of significance to note that in the naturally occurring* aiitotetra- 
ploid species the haploid . chromosome numbers are lo-w (seven : for 
the 'grasses and six for birdsfoot trefoil) and that seed production is 
not now impaired. If induced tetraploidy is to be of value, it m^oiild 
seem that the crops most likely to be successfully used would be 
those, like sweetclover, that have a '"comparatively low^ chromosome 
number. Production of superior horticultural crops presents a some- 
what different possibility for the utilization of induced autopolyploidy 
ill' that certain of these crops may be maintained by asexual propaga- 
tion. 

A low degree of self-fertility in autotetraploid sweetclover has 
been reported by Johnson and Sass (5) and by Evans (2). A large 
number of i,ndividual plants representing first and second generation 
inbreds., Pi crosses, Fo generations from several crosses, and back- 
crosses are in process of further inbreeding and selection particularly 
i,n respect to self-fertility. Final decision, on the possibilities of utiliz- 
ing autotetraploid sweetclover probably should be deferred until 
inbred dines established froim these ■ sources have .been^ more fully 
investigated, 

SUMMARY 

A greenhouse study was conducted to compare diploid and col- 
chicine-induced autotetraploid- sweetclover, Melilotus alba, in relative 
rates of growth; 

The replicated study from open-pollinated seed of four unrelated 
i-year selfed lines of each of two groups, autotetraploid and diploid 
sweetclover, indicated a significantly greater vigor of autotetraploid 
plants in early stages of growth but indicated a trend toward equal- 
ized height and weight at later dates of determination. Ditferences in 
weight of seedlings were attributed to larger seed size of the aiito- 
tetraploid strains. A slightly lower percentage of moisture was 
detected in diploid plants. 

It is suggested that autotetraploid lines should be produced by 
doubling the chromosome number of non-inbred plants to permit 
selection for desired characters during the progress of inbreeding*. 
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SOME COMBITIONS AND INFLUENCES PERTAINING 
TO THE NATIVE FORAGE CROP OF THE NORTHERM 

MIXED PRAIRIE^ 

B. W. Allred- 

T he iiiiportaiice of livestock production in the United States at 
present assumes the deepest significance of historic time. There 
is on hand the largest number of grazing animals of all time to be 
managed and fed. The extraordinary demand for livestock products 
at home and abroad .necessitates the greatest efficiency in animal 
production and management of grazing resources. 

' A large segment- of livestock products must come from native 
grazing lands. Maintaining those grazing lands already in vigorous 
.condition and improving poorer ones is a vital ta-sk. It is highly 
essential for maximum production and for maintaining and efficiently 
using soil resources. 

Fortunately the northern mixed prairie*^ is generally in the best 
condition for heavy livestock production than it has been for many 
years. These ranges have made an almost miraculous reco\x?ry since 
the drought of the thirties. Much credit for this -should be give,n to 
stockmen who have carried forward a diligent program of improve- 
m.ent, taking advantage of opportunities to increase water develop- 
ments for livestock, to reseed many abandoned farm lands to grass, 
and to rest overused and drought -damaged grazing areas. Most of 
the grasslands have been greatly favored by improved climatic 
conditions which, combined with general livestock shortages until 
about 1939, have vastly helped improve the forage conditions 
throughout. However, much remains to be done on niniien,nis arerts 
where too close grazing has delayed recovery. 

Livestock improvement has generally gone ahead of grassland 
improvement. However, if efficiency is to be obtained from well- 
bred range livestock, they must be provided with adequate nutritious 
forage. Grass is the basic material that livestock harvests and manu- 
factures into needed animal products essential to wair and peacetime 
purposes. Therefore, knovrledge of native grazing plants and forage 
conditions is vital to the successful management of basic grazing 
resources. Individual native grazing plants whether grasses, shrubs, 
or nongrassy herbs have distinctive growth habits and feeding values 
as do small grains, corn, alfalfa, and timothy. Sound management 
of the native forage crop, which consists of many species, is rendered 
more difficult than that of a single farm crop, like corn or alfalfa. 
The better native grazing grounds are usually covered with mixtures 
of grasses, sedges, nongrassy herbs, and sometimes l)rowse plants as 

^Contribution from the Northern Great Plains Region, Soil Conservation 
Service, Lincoln, Nebr. Received for publication May 28, 1945. 

^Regional Chief of Operations. 

^For the purpose of this discussion, the northern mixed prairie is considered as 
being that area which lies between Canada on the no :th and Kansas and Colorado 
on the south, and between the Rocky Mountains on the w^est and the 98tli meri- 
dian on the east. The discussion covers' neither the grazing lands of the Nebraska 
Sandhills nor South Central Nebraska. 



Present-day grasses are probably the lineal descendants of some 
primitive fescue which evolved from sedge-like ancestors in tiie 
Cretaceous geologic period. Grasses and other vegetation have been 
modified throughout the ages as environment has been changed by 
shifting, climates. 

The mixed prairie grassland association dominates in over 75% of 
the area. The controlling life form is grassland (5).^ It is composed of 
climax, midgrasses, short grasses, and dryland sedges (Fig. i), phis 
a variety of subdominant nongrassy herbs (i). They are highiy 
nutritious plants and, from long adaptation to the climate, have the 
hardiness to withstand extremes of drought, cold, plant disease, plant 
competition, and the general rigors of the habitat. 

The generally rolling plains are deeply etched in some places by 
the Missouri River and its numerous tributaries. The Black Hills 


Fig. I.— On the right of the fence line is climax mixed prairie, complete with an 
overstory of western wheatgrass and needle grass and tinderstory of buffalo 
grass, blue gnima, Pennsylvania sedge, yellow sedge, and thread-leaf-sedge, 
plus a sprinkling of nongrassy herbs such as pasqueflower, false mallow, biscuit 
root, mountain lily, beardtongue, Townsend’s aster, and wild alfalfa, 
Mandan, N. D. To the left of the fence mixed prairie is in the 
stages of breaking down. The midgrasses have been greatly depleted, tb.e 
grasses and sedges have increased slightly in density, and fringed sage, 
unpalatable to cattle, has become prevalent. 

•Figures in parenthesis refer to “Literature Cited”, p. 887. 
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well, which may grow at different seasons i.df the year and may have 
different values for grazing and, soil; protection.- " . 

EFFECT OF PAST CLIMilTES AND PLANT CLIMAXES ON 
PRESENT MIXED PRAIRIE 
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of South Dakota and the Little Rocky Mouiitains and other small 
ranges rear high above the typical plains. The deep shach^ c‘‘atiyniis 
of the rivers, the cool north slopes, and tiie warni dry slo|)cs and the 
high crests of the mountains provide profound mocliilealicnis in the 
local climate and the sundving descendants of a niinilxu' of ancient 
climax eoniiiimiities that have moved across the plains in the past 
are found in the canyons, mountains, and slopes of this region. Tliesc 
stragglers from former reigning climaxes . have persisted in these 
local compensatory sites.- Sufficient fossil and modern evidence is 
available to reconstruct the ^ patterns of the primeval plant associa- 
tions as well as those of- geologic antiquity. 

■ After the Rocla^ Mountain uplift of the late Cretaceous period, 
the fossil records of grass became more prominent as borne out by 
the numerous deposits throughout the following Tertiary period in 
Nebraska, Kansas, Colorad.o, -and ' South Dakota. The study of 
ancient specimens has thrown considerable light on the vegetation, 
climate, and habitat of that epoch. Photographs of age-old needle- 
grass, Stipa kansasensis, made b}’ Maxim K. Elias, paleobotaiiist at 
the University of Nebraska, in 1931, indicate a striking similarity 
to the present needlegrass of our Great 'Plains. Elias and others, 
found, in tlie deposits with the ancient needlegrass, oilier plant asso- 
ciates, such as liackberry, Celtis wUlistomi and stickseed, Kj'ymtrjkia 
cwonifornfis'. Likewise, these fossils show a remarkable resemlilance 
to the common liackberry, Celiis conmtmis, and stickseed, KrymilBkia 
sp.j of the Great Plains. These studies have. given background for 
■the belief that the climate of that remote age was setiiiarid, though 
probably less so than now. 

Elias states that these plant remains w^ere collected also in the 
unsorted continental deposits of early Pliocene geologic age wliere 
they were associated with the fossil bones of Plwhippns leidicufus. the 
Pliocene ancestor of our modern horse. It is believed that the Pliocene 
geologic formation represented the flood plain habitat of the Rocky 
Mountains piedmont. The undisturbed condition of the plants indi- 
cates that they were buried close to their place of growth. 

Clements and Chaney state, ‘Tt is probable that the evolution of 
grassland proceeded more rapidly in the period of mountain-making 
in the Upper Oligocene to produce the forerunner of the modern 
prairie in the Miocene, where the typical genus Stipa is recorded, 
along with horses of the gra2:ing type, MerrycMppus and Proto- 
hipptisP ^ 

The evidence indicates a great multiplication of grass species 
between early Tertiary?- periods and the Pleistocene (ice age). With 
the. major climatic changes brought on by the various gkudal pulsa- 
tions of Pleistocene times came a vast mingling of plant climaxes 
that had heretofore been separated by half a continent. 

With the downward flexure of the glaciers came a simultaneous 
winter climate that made the plants and animals of the invaded 
regions shunt slowly south to avoid extinction. This was not difficult 
as the time period involved for the advancement and recession of the 
glacier is estimated to be many thousands of years. Therefore, as the 
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equable conditions of the north were contracting before the glaciers, 
they were expanding on the south. 

These migrating climates have had a profound effect on the plains 
plant communities and have altered them quite measurably in terms 
of preglacial communities. The glaciers pushed the wheatgrasses, 
Agropyrons, Koeleria, needlegrasses, Stipas, fescues, Festucas, and 
blue grasses, Poas of northern origin into the southern plains and 
southwest. As the glaciers receded and were followed back to the 
polar cap by a warm dry spell, the gramas, Boutelouas buffalo, 
Buchloe, and three-awned grasses, Aristidas, and galleta, Hilaria, 
moved north from their place of origin on the Mexican plateau. 
During the Nebraskan and Kansan Glacial epoch the tall bluestem 
grasses, Andropogons, now climax in the coastal prairie of Texas, 
were pushed ahead of the hardwood forests in a westerly direction 
from their southeastern homeland. The great shrub, sagebrush, 
Artmiisia (Pig. 2), rabbit brush, Chrysoihamnus, and saltbush, 
Atriplex, migration from out of the Great Basin into Wyoming and 
southern Montana is presumed to have taken place following a 
warm dry period succeeding one of the glacial retreats. Remnants 
of Palouse prairie dominants extend all the way across Montana to 
the North Dakota Badlands and to the Black Hills of South Dakota. 
The major dominant of this relict is spiked wheatgrass, Agropyron 
spicatum (Fig. 3), and persists on the north slopes of hills and in loose 
talus and scoria, and Sandberg’s blue, Poa secunda, or other closely 
allied bluegrasses. Sandberg’s blue, also a member of the Palouse 
prairie association, is widespread over the northwest portion of the 


I 



Fig. 3. — Relict Pondcrosa pine and Agropyron spifcitnm on steep rocky s1or>e and 
mixed prairie in the more level foreground, near Miles City, Mont. 


Northern Plains now and increases in density materially during 
drought and on heavily used ranges, where blue grarna, wi.^stern 
wheat, and needle-and-thread have been sacritlccd. This kiresipp- 
poses that the Palouse prairie association formerly extendi^d ac*ntss 
Montana and northern Wyoming during a glacial ad vain ‘c when a 
winter and spring rainfall climate existed that was quite ('nrriparable 
to that of the Palouse prairie region today. 

Scattered throughout are odd remnants of older climaxes. For 
instance, needle-and-thread, now a climax dominant of the mixed 
prairie of the Northern Great Plains and southern Canadian prairie, 
is found as a relict on the south banks of the Yukon in Alaska. Blue 
grama, which now is a dominant only as far north as Youngstown, 
Canada, formerly had a much more extensive range northward and 
can be found as a relict on dr}^ south hillsides along the Saskatchewan 
near Edmonton, Canada. Buffalo grass runs out northward near 
Plentywood, Montana, and only extends westward to Ft. Peck. 
Mont.; Gillette, Wyo.; and the Laramie Valley in Wyoming. Blue 
grama is only found as an occasional relict in tlie Red Desert nf 
Wyoming and its general westward extension lies along tlu^ foothills 
of the Rocky Mountains, although a few communities hiiYo l)een 
reported in the Palouse region There are a few isolated (ximmiini- 
tics of galleta grass near Rawlins and Church Butte, Wyo., yet there 
is a considerable skip before it is found again in east central Colorado 
and farther south where it becomes dominant. The bluestem grasses, 
relicts from a warm, moist climatic phase, occupy north hillsides, 
sandy soils, or valley bottoms over most of the western Dakotas 
and eastern Montana and Wyoming where they find the moisture 



Fig. 4. — North hillside communities- of Ponderosa pine forming savannah with 
mixed prairie on Pine Ridge Indian Reservation, S. D. 

compensation more in line with their requirements. Little bluestcm 
grows on the breaks of the Milk River in Montana almost to the 
Rocky Mountains and has been reported as well along the foothills 
of the Windriver Mountains (2). Thread-leaf sedge or niggerwool 
{Carex filifolia), an important grazing plant in the Northern Plains, 
practically runs out at the South Platte River, whereas buffalo grass, 
one of the major dominants of the South Plains, becomes less and less 
important north of the South Platte River until it completely runs 
out near the Canadian border. 

Evidence that the plants from cooler, moist, northern climates 
were pushed ahead of the southern glacial advance is indicated by 
the presence of western yellow pine, Pinus ponderosa (Fig. 4) and 
quaking aspen, Popnlus tremuloides, in many of the hills and river 
breaks in the Northern Great Plains. Paper birch, Beitda papyrijera, 
common in the northern forests, is found in the Black Hills of South 
Dakota. White spruce, Picea canadensis, is found within narrow 
limits in the Black Hills, and has the same northward origin. Oak, 
Qiierc’iis macrocar pa, is a remnant of a previous eastern oak-hickory 
advance during a moist period and now its growth is restricted to the 
Black Hills, river valleys, and north hillsides in many places. The 
dominants and subclimax species of the eastern oak-hickory forests, 
namely, oak, hickory, Hicoria, ash, Fraxinus, elm, Ulmus, and cotton- 
wood, Popidus grow in great stringers along the flood plains of the 
drainages and in few instances minor lumbering enterprises have 
developed along the Missouri River and other major drainages. 

OBJECTIVE 

The following discussion enumerates the main plants that provide 
the bulk of the forage eaten by grazing animals on mixed prairie 
ranges. These plants are classified according to kind and to the sea- 
son which they provide the most and best forage (Tcible i). Plant 
indicators that mark the downward changes in these grazing lands 
are described as well. 

The information has been drawn from grazing inventories made 
by the Soil Conservation Service on about 14 million acres of land in 
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soil conservation ..districts, demonstration projects, and Indian 
reservations from 1 93 6 until the: present, 

GENERAL SIGNIFICANCE OP MAJOR FORAGE PLANTS AND 
CONDITIONS FOUND IN MIXED PRAIRIE GRAZING LANDS 

The mixed prairie is ■ sometimes called the short grass cotiiitry. 
Rainfall varies between 12 'and 20 inches a year and the aiinttal 
evaporation amounts to- about .45. inches in the south to approxi- 
mately 30 inches in the. north. As ' an average, half of the rainfall 
comes during the growing season between April i and September i . 
Fluctuations in climate are common, and following these fluctuations 
may come marked effects on the growth of vegetation. For example, 
perennial grass plots at Huron, S, D., were found to yield at the rate 
of 300 pounds of dry forage per acre in the drought year of 1937, 
whereas the same area yielded about 1,800 pounds of dry forage per 
acre in the wet year of 1944. 

The mixed prairie is represented by several hundred plants. 
However, only a few dominant ones give special characterization to 
the area and these rank highest in forage production and give the 
best protection to the soil as well. 

The mixed prairie supports nearly one-fourth of the livestock in 
the United States west of the 98th meridian. It is one of the foreinost 
grazing grounds in the nation. Much of the forage cures on the stalk 
in form of natural hay and a good deal of that which is not used in the 
growing period is grazed during favorable late fall and winter periods. 

Here the cool season needle grasses, wheat grasses, blue grasses, 
and sedges from the northern mid-latitudes grow in harmony with 
the waim season gramas and buffalo grasses which originated in the 
warm southwest (3). The associated nongrass}^ herbs also have dif- 
ferent seasonal growth habits. Therefore, these plant combinations 
provide nutritious grazing during the entire growing season. The 
needle grasses, W'heat grasses,, blue .grasses, and sedges are highly 
palatable in the spring. The}^ complete their growth cycle during 
the spring period of high rainfall and low evaporation. Western 
wheatgrass and needle-and-thread are also prized by livestock as 
dry feed on snowy winter ranges. Sheep should not graze ncedle-and- 
thread at the time of seed formation as they may become injured by 
the sharp awns of the seed. 

During years of summer drought, the early crop of cool season 
grasses provides most of the grazing for the remainder of the 3/ear. 
The grasses are usually mature in time to avoid the feeding season of 
grasshoppers. Unless heavy grasshopper infestations occur, rlie 
matured and tougher early grasses usually escape much damage, 
whereas the more tender grama and buffalo grass and summer grow- 
ing nongrassy herbs may he eaten completely. However, under heavy 
grasshopper infestations even the matured midgrasses are eaten. 

Early green feed is at a premium, especially during the lambing 
and calving season. As a result, the cool season grasses are often over- 
grazed and killed out. To meet the need for more earty forage, man at 
ranchers are planting part of their farmland to crested wheatgrass, 
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the naturalized Siberian cousin of' western wlieatgrass. Crested wlieat- 
■grass can be' grazed earlier than the early natives and produces over 
twice the grazing, according to present information. 

' Of the sumnier growdng short grasses,, namely, blue grama, buffalo 
grass, and hairy grama," blue grama is the only one having general 
distribution. It is the most common plant, in the mixed prairie. In 
point of feed value throughout the year, blue grama, hairy grama, 
and buffalo grass are the most nutritious of all native grasses in 
mixed prairie. Their leaves are notable for their remarkable ■ starch 
sheaths and the protein content ranks high along -with the other 
better native grasses throughout the year. 

Noiigrassy herbs are neither as plentiful nor of such high qualitj^ 
in mixed prairie as in the neighboring humid prairies (7). Those in 
mixed prairie do not have the supply of deep subsoil moisture to 
draw on that is available in the more humid eastern prairies. They 
are more nearly in competition with the grasses for water and soil 
liutrients because they have a large per cent of surface roots which 
compete with the grasses (8). Under heavy grazing the edible ones 
are killed outright, w^hile unpalatable ones increase. Many non- 
grassy herbs, including unpalatable ones, were killed during the 
drought of the thirties (6). The good ones have increased more slow'ly 
than the grasses and are needed to give variety to many well-grassed 
ranges. 

As indicated in Table i, individual species of nongrassy herbs are 
more numerous than grasses for the^^ produce less volume and cover 
less ground space ; however, they provide variety to the animal diet 
as well as considerable forage. An excellent range will have a variety 
of these plants distributed throughout. Several ranges in western 
South Dakota were sampled in 1938. The average of the total air- 
dried forage produced per acre was nearly . one thousznd pounds. Of 
this total 1 50 pounds per acre, or 15%, came from edible nongrassy 
herbs. 

PLANT INDICATORS THAT MARK THE DOWNWARD TREND IN 
MIXED PRAIRIE 

Breaking down of productive grasslands has a profound effect on 
.the economy and welfare of ranches and communities. Thus, it is 
important that graziers recognize the early symptoms of grassland 
deterioration and take immediate steps to improve the ranges. 
Indicator plants that mark the several stages in the depletion of 
mixed prairie are enumerated. 

MIXED PRAIRIE GRASSES THAT FIRST GO OUT UNDER HEAVY 
GRAZING AND DROUGHT 

Needle-and-thread (4), western wheatgrass, and prairie juiicgrass, 
all grasses of medium height, are the first ones grazed out under 
heavy use, or killed back by spring drought. Because of tlieir erect 
growth, it is easier for livestock to eat off a larger percentage of their 
food-building leaves than those of the low-growing short grasses and 
sedges. Almost total removal of these midgrasses from mixed prairie 
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and the subsequent thickening of the short grasses. and, sedges is one 
of the first indications that mixed prairie is on the downgrade. 

PALATABLE NONGRASSY HERBS THAT DECREASE UNDER 
HEAVY GRAZING OR DROUGHT . 

The displacement of the more edible nongrassy herbs parallels 
the loss in the number of cool climate midgrasses. This condition is 
characteristic of the change from excellent to a poorer condition as 
the more palatable nongrassy herbs are greatly reduced and those 
that remain are generally low on vigor. 

The most important ones are as follows : 

Legumes 

White prairie clover, Petaloste’- Wild alfalfa, Psoralea florihunda 
mon candidus Silver lupine, Lupinus ar genius 

Purple prairie clover, Petaloste- 
mon purpureus 

Other Nongrassy Herbs 

Pasqueflower, Anemone ludovi- Biscuit root, Cogswellia ludovi- 
ciana ciana 

Mountain liho Leucocrimmi mon- Beardtongue, Penstemon spp. 

tammi Hairy golden aster, Chrysopsis 

Blazing star, Liastris punctata mllosa 

False mallow, Malvastrum cocci- False prairie boneset, Kuknia 
neuni glutinosa 

CrRASSES AND SEDGES THAT INCREASE FOLLOWING THE FIRST 
STAGE IN THE DEPLETION OF EXCELLENT MIXED PRAIRIE 
GRASSLANDS 

Without competition of midgrasses and highly palatable nongrassy 
herbs, the short grasses and sedges fill in the vacated areas, and 
usually develop a denser sod than before. These plants are among 
the more drought-resistant perennials. The major grasses and sedges 
under consideration are named as follows : 

Buffalo grass, Buckloe dactyloides Sandberg’s bluegrass, Pea sec wtzda 
Blue grama, Bouteloua gracilis YdHom Carex stenophylla 

Hair}' grama, Bouteloua hirsuta Thread-leaf-sedge, Carex filifolia 
Penn, sedge, Carex pennsylmnica 

Wlien these plants are found in the state of continuous unbroken 
sod, they represent the second stage below best condition. Grazing 
lands should not be allowed to fall below this stage. The forage is 
highly nutritious and the soil is protected, but the length of season 
has been shortened and the grazing capacity somewhat reduced. 
Continued overuse or drought soon thins out the cover and leaves 
openings for less favorable plants, Sandberg’s bluegrass is the most 
durable of the lot as it is a heavy seeder, grows early in the spring, 
and evades dry weather and warm temperatures. It -ncreased during 
the drought of the thirties but was rapidly replaced by the gramas 
and midgrasses after three years of better rainfall. 
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MIXED PRAIRIE ;NONGR.\SSy HERBS THATTNCREASE UNDER 
■ HEAVY. GRAZING 

When a large part of the edible grasses and nongrassy herbs are 
killed out, they are replaced by numerous comparatively mipalatable 
nongrassy herbs. These plants find an easy opportunity to multiply 
in numbers and often in size through lack of competition for moisture, 
soil nutrients, and sunlight. 

Some of the most common ones are listed below : 


Golden groundsel, Senecio aMretis 
Loco, Astragalus spp. 

¥erbena, Verbena bipinnatifida 
Many “flowered aster. Aster multi- 
floriis 

Fringed sage, Artemisia frigida 
False tarragon, Artemisia dractin- 
ctilns 

Rush skeleton weed, Lygodesmia 
jtincea 


Curly cup gumweed, Grindelia 

sqrtarrosa 

Gaura, Gatira. ' spp, 

\Trginia spiderwort, Tradescantia 
virginiana 

Missouri goldenrod, SoUdago mis- 
souriensis 
Phlox, Phlox hoodii 
Cactus, Optmtia spp. 

Broom snakeweed, Gtttierresia 
sarothrae 


ANNUAL GRASSES AND WEED INVADERS THAT INCREASE ON 
DEPLETED MIXED PRAIRIE 


There are a great many annual grasses and weeds that occupy the 
mixed prairie when the highly productive perennials have been killed 
out or severely weakened. 

Grazing lands heavily infested with these plants are usually in 
the last stages of deterioration. During excessively high rainy periods 
the spring growers like little barley may develop a deiLse spring cover 
on well-sodded buffalo grass and blue grama ranges. Little barley is 
a heavy feeder on moisture and the short grasses can be severely 
damaged if a dry summer follows. If a reasonably wet summer 
prevails, the short grasses may sundve uninjured. Many of these 
invading annuals produce considerable palatable feed. " However, 
they are not as productive as the native perennials they have dis- 
placed. They are short-lived, hence have a tendency to dry up, blow’' 
aw>'ay, and leave the soil bare. Their dead root systems are poorly 
developed and inferior to the native perennials. 

The more common of these annuals are: 


Lambs quarter, Chenopodium al- 
bum 

Russian thistle, Salsola pesiifer 
Woolly Indian wheat, Plantago 

purshii 

Sunflower, Heliantlms annuus 
Peppergrass , Lepidimndensi 
fiorum 

False buffalo, Monroa squarrosa 


Six weeks’. .fescue, Festuca clTo- 

flora 

Witches’ broom, Panicum capil- 

lare 

Japanese chess, Bronius japojiic us 
Cheatgrass brome, Bromtis tec- 

tor um 

Little barley, Hordeum ptisillum 


ALLRED : NORTHE.RN -MIXED PRAIRIE 
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SUMMARY - 

1. Individual native grazing plants, whether grasses, shrubs, or 
nongrassy herbs, have distinctive growth -habits and feeding values. 
The native forage crop is composed of many species, thus making its 
management more difiicult than a single farm crop like corn or alfalfa. 

2. The mixed prairie is composed of climax midgrasses, short 
grasses, and dryland sedges, plus a variet}^- of subdominant non- 
grassy herbs. 

3. Grasses and other vegetation have been modified throughout 
the ages as environment has been changed by shifting climates. - 

4. The mixed prairie supports nearly one-fourth of the livestock 
in the United States west of the 98th meridian. 

5. The cool season midgrasses, and palatable nongrass}?' herbs, are 
the first plants to go out under heavy grazing and drought. 

6. The drought-resistant summer-growing short grasses, dryland 
sedges, Sandberg bluegrass, and unpalatable nongrassy herbs increase 
during the first stages in the depletion of excellent mixed prairie- 
grasslands. 

7. The following annual grasses and weeds increase on depleted 
mixed prairie ranges : Lambs quarter, Russian thistle, Woolly Indian, 
wheat, sunflower, peppergrass, six weeks’ fescue, witches’ broom, 
Japanese chess, cheatgrass brome, little barley, and false buffalo. 
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EFFECT OF SODIUM NITRATE AND AMMONIUM' 
..FERTILIZERS ON THE PERMEABILITY OF 

WESTERN SOILSi 

Milton Fireman, O. G. Magistad, and L. Y. Wilcox‘S 

S ODIUM nitrate is one of . the most widety used nitrogenous fer- 
tilizers. The results of experimental findings, especially in eastern 
United States, ha Ye given this material a high evaluation, and have 
shown in a general way how and when it should be used to best 
advantage. However, since sodium salts defiocculate soil colloids 
to a considerable extent, the- continuous application of sodium- 
containing fertilizers in large quantities to some soils, particularly 
to those that are high in colloidal matter, often results in a poor 
physical condition in the soil. While this has been knowm and taught 
for many years, few data are available to indicate the magnitude of 
the changes which occur in the soil as a result of sodium fertilizer 
applications. 

Some western farmers, who had not used sodium fertilizers pre- 
viously, w'ere concerned in 1942 at the prospect of using sodium 
nitrate because of its possible deleterious effect on the soil. This study 
was undertaken to determine in the laboratory whether the effect 
of sodium-containing fertilizers on the physical properties of soils, 
and especially on soil permeability, is a widespread problem or the 
result of special circumstances. 

LITERATURE REVIEW 

The influence of sodium nitrate on the physical condition of the soil, was 
discussed by Hall (7)^ in England in 1904 and by Cans (5) in Germany in 1905. 
Hail found that regular yearly applications of sodium nitrate at the rate of 500 
to 1,000 pounds per acre (not unusual applications for truck crops in England) 
induced very bad tilth in some soils. The evidence was conflicting, however, for 
sodium nitrate converted some soils into concrete-like masses, while other soils 
nearby showed little evidence of bad tilth, except occasionally in wet winters, 
despite 50 successive annual applications of 225 pounds of sodium nitrate per acre. 
Somew-hat similar results were later reported by Brown (2) in this country and 
Harden (8) in Sumatra, among others. However, little stress has been laid in 
humid regions upon deterioration in soil structirre as a result of sodium-containing 
fertilker applications. 

There are few data available to indicate the best practice of nitrogen fertiliza- 
tion in arid regions. Kelley and Thomas (ir) reported in 1920 that large applica- 
tions of sodium nitrate caused “alkali injury’ ' in an experimental plot. Huberty 
and Pillsbury (10) have shpwn that both sodium nitrate and ammonium sulfate 
reduced the rate at which a California soil would take water when irrigated. 
Aldrich, et al. (i) conclude: “On certain soil types, it is likely that the continued 


^Contribution from the U. S. Regional Salinity Laboratory and the Division 
of Irrigation., Agriculture, Bureau of ■ Plant- .Industry, Soils and .Agricultural 
Engineering, Agricultural Research Administration, Riverside, Calif., in co- 
operation with the eleven western states and the Territorv of Hawaii, Received 
for publication June 2, 1945. 

^Associate Soil Scientist, Director of U, S. Regional Salinity Laboratory, and 
Agronomist, Division of Irrigation Agriculture, respectively. ^The authors wish 
to acknowledge the assistance of Mary Chase Erwin in obtaining some of the 
permeability data. 

^Figures in parenthesis refer to “Literature Cited”, p. 901. 
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application of large or poorly distributed doses of either of these fertilizers 
(sodium nitrate and ammonium sulfate) in the absence of organic matter will bring 
^ , about serious structural deterioration”. 

EXPERIMENTAL PROCEDURE 

^ The soils for this study were obtained from representative irrigated regions in 

nine western states, usually through an official collaborator of this Laborator}^. 
Ill some cases, samples of problem soils were obtained, but on the wffiole the 
samples received were representative of the irrigated areas. It should be pointed 
out that the majority of these soils were calcareous, as are most w^esterii soils. 

The soils w^ere air-dried, crushed to pass a 2-mm sieve, and carefully mixed. 
Preparation of the soil for the study consisted of packing the soil (4) into No. 2 
tinned cans (permeameters) previously provided with suitable water inlets and 
outlets. The water used was, as far as possible, identical wdtli that used in regular 
irrigation practice upon the soil in question. Rather than transport large quanti- 
ties of water for these tests, representative samples were obtained and analyzed, 
and the results of these analyses were used in making up the test waters. The 
results of the water analyses are given in Table i. 

The appropriate water w^as applied to each set of soil columns through a con- 
stant head device (4), which kept the wmter head at exactly the same level in all 
replicates of each soil. The w’ater w^hich passed through the soil was collected 
and measured, and the permeabilit}" calculated in inches per hour per unit 
potential gradient (4), taking into account the length of the water column, the 
length and area of the soil column, and the quantity of water which passed 
through the column in xmit time. In most cases, about 12 inches of water per- 
colated through the soil; however, in a few soils, the permeabilit}" was so low that 
^ only 6 inches of water |.)ercolated. All comparisons of permeability were made, 

therefore, at permeability values corresponding to 6 inches of percolation. Values 
given are the average of triplicate determinations. 

While the exact quantitative relationship which may exist between field re- 
J sponse and laboratory behavior to sodium nitrate applications is not known, the 

f results obtained in the laboratory are qualitatively in close agreement with those 

obtained in the field. In addition, results are much more quickly and inexpensively 
obtained in the laboratory and have proved to be extremely useful in considera- 
tion of practical problems of immediate importance. 

EXPERIMENTAL RESULTS 
TESTS WITH SODIUM NITRATE 

In preliminary experiments, sodium nitrate was applied to the 
packed soil columns in various ways in attempts to simulate field 
practices. It was (a) applied in the irrigation water, (b) mixed with 
the soil, and (c) broadcast over the soil surface. The results obtained 
on one of the soils tested are shown in Fig. i. It will be' noted that 
when the sodium nitrate was applied in the irrigation water at the 
rate of 395 pounds per acre foot of water (145 p.p.m.), there was no 
significant decrease in pemieability as compared with the untreated 
samples. On the other hand, when the same quantity of sodium 
^ nitrate w-as applied to the soil in }A inch of irrigation water at the 

rate of 9,480 pounds per acre foot of water (3,490 p.p.m.) and was 
followed normal irrigation water, the permeability decreased 
markedly. Somewhat similar decreases in permeability were caused 
by the application of 395 pounds per acre of sodium nitrate mixed 
wdth the soil or broadcast over the surface. 

From the results of these and other tests, it is found that if sodium 
nitrate is applied at low rates in most irrigation waters there is no 
appreciable reduction in the rate at which water enters the soil. But 


Table i.— Analyses of waters used for the field irrigation of the soils studied, synthetic waters, approximating in composition the natural waters, 

being used in the permeability tests. 
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SUMWATION INCHES PERCOLATED 

“Penneability of Fallbrook fine sandv loan) with i>-’-amer of 
sodium nitrate application. A, untreated; B, 39s pounds per acre foot r wU"- 

p^p pounds per acre foot of water (3,490 

applied, followed by tiomial irrigation water: O Tjoinid''- oer 
acre, mixed m surface inch of soil; E, 395 pounts per acre, bi-oadc^sVon 

if the rate of application is high, such as when bags of the salt are 
dumped into a weir, the permeability of the soil is markedly reduced. 



FIREMAN, ET AL. : PERMEABILITY OF WESTERN SOILS 893 

However, mucli of the nitrogen, fertilizer applied to truck crops is 
drilled in or applied in bands about 2 or 3 inches wide in rows 3 to 4 
feet apart at rates of 200 to 500 pounds of the fertilizer per acre. 
This represents applications of from 2,400 to 12,000 pounds per 
acre for the area of the bands receiving the fertilizer. The applica- 
tion^ of sodium nitrate in the remainder of the laborator^;^ studies 
herein reported was mixed into the surface inch of the soil sample 
at the rate of 1,000 pounds per acre based on the area of the soil 
eolumii under test. The soil sample was assumed to represent the 
soil area of and in the immediate vicinity of the fertilizer bands. The 
fertilizer band is usually located betw?'een the irrigation furrow and 
the crop row, and a reduction in permeability in The vicinity of the 
band wdll restrict the movenient of water to the plant roots. 

Data for 51 w^estern soils are given in Table 2. It will be noted 
that the untreated soils had an average permeability of i . 2 inches per 
hour to normal irrigation wmter. This permeability was reduced to 
0,71 inch per hour, or b}^ 41%, by a sodium nitrate application of 
1,000 pounds per acre. Student’s methods (13) for paired samples 
show this decrease to be highly significant. 

A few of the soils have a very low permeability in their normal 
state. For example, soil 342 (Jordan loam from Utah) has a permeabil- 
ity in the laboratory of 0.013 inch per hour, which means over 400 
hours would be required for a 6-mch irrigation. An application of 
sodium nitrate at the rate of 1,000 pounds per acre decreased the 
permeability of this soil from 0.013 to 0.006 inch per hour. While 
this is a large percentage decrease, it is a small absolute decrease, 
and is probabty of little importance in a soil with such a low normal 
permeability. Few crops could be grown under such conditions. On 
the other hand, a few of the soils tested had exti*emeiy high per- 
meabilities, as high as 6.8 inches per hour. Such soils are difficult 
to irrigate, and a decrease in soil permeability might conceivably be 
of considerable benefit to the farmer. 

The effect of the addition of sodium nitrate in seriously reducing 
the permeability of a soil is shown in Fig. 2. In this case the perme- 
ability after 6 inches of percolation was about one-seventh that of the 
untreated soil. On the other hand, soil 327 from Washington showed 
no significant decrease from a similar application (Fig. 3). 

Samples from both check plots and sodium nitrate plots from two 
experiment stations in Washington were packed as indicated above 
and one set treated with NaNOg at the rate of 1,000 pounds per acre. 
The results of permeability tests with these soils are given in Table 3. 

These results indicate that at these experiment stations heavy field 
applications of sodium nitrate have markedly reduced soil permeabil- 
ity, and that on the basis of laboratory tests additional normal appli- 
cations cause no appreciable further reduction in permeability. Both 
check plot soils, however, do respond adversety to sodium nitrate 
applications. 

TESTS WITH AMMONIUM FERTILIZERS 

For purposes of comparison, tests were run with ammonium nitrate 
and ammonium sulfate in the same manner as with sodium nitrate. 
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Table 3 . — Effect of sodium nitrate application on permeability of a Washington soil. 



. 

Permeability, inches per hour 

Source of sample 

Soil as 
.recei\*ed 

With ipplic'atioii of 

1 ,000 lbs. 
of Na NO, -Caere 

Washington Fruit Exp. Station: 

(a) Check plot 

0.S9 

0.55 

(b) Sodium nitrate plot, 4-7 pounds per tree per ^ 
year for 12 years, 54 trees per acre. ...... 

0.15 

o.!4 

Washington Irrigation Station: 

('a) Check plot , 

0*59 1 

0.25 

(b) Sodium nitrate plot, 3,190 pounds per acre 
total applied for period 1927-36, inclusive 

0,29 ^ 

0.26 


The ammonium salts added to the soil samples contained an amount 
of nitrogen eciual to that added as sodium nitrate in the other tests 
reported. Some of the results obtained are given in Table 4. 


Table 4 . — A comparison of the effects of amnioniuni nitrate, antMonitint sulfate, 
and sodium nitrate on soil pernieability , 


Soil 


Permeability, inches per hour 


No. 

Not treated 

Am m onium ni tr a t e 

Ammonium sulfate 

Sodium nitrate 

319 

0.12 

, __ 

0.15 

0-03 

339 

0.17 1 

G.08 

0.06 

0.04 

347 

0.59 

0*55 

0.49 

1 0.25 

35 f 

0.63 

— 

0.79 

i 0*35 

352 

0.04 

0.02 

— 

1 0.007 

1 4.8 

35B 

■ 6.8 1 

5.6 

6.1 

366 

0. 1 1 

0.08 

— 

! 0.06 

367 

0.67 : 

0.63 

— 

i 0.5S 


The data mdicate, in general, that while both ammonium nitrate 
and ammonium sulfate lower soil permeability,- the decrease is rnucli 
less than with sodium nitrate. Ammonium sulfate did not redu(x^ 
the permeability of the soils tested as much as noted by FI liberty 
and Pillsbury (10) in a field trial. However, their results on that parti- 
cular soil (Hesperia sandy loam) have been corroborated in this 
laboratory.'^ 

ZONE OF MINIMUM PERMEABILITY 

Hydraulic head measurements were made at half-iiudi iiiter\’als 
in some of the soil columns by means of manometer tubes inserted 
into the soil sample through the walls of the permearneter. In this 
way, a study was made of the location and development in the test 
samples of the laj^er of minimum permeability, which usually devel- 
oped as a result of the fertilizer applications. The layer of minimum 

^Samples kindly furnished by Huberty and Pillsbury from their field plots. 
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SUMMATION INCHES PERCOLATED 
Pig. 2. Effect of sodium nitrate on. permeability of soil No. 320. 

permeability, which, developed rapidly, corresponded to the region 
of fertilizer placement whether the fertilizer was applied in the irri- 
gation^ water, was broadcast on the soil surface, or was stirred into 
the soil. The thickness of this least piermeable layer varied from a 
few millimeters to about an inch, depending upon manner of fertilizer 
application. Where _ no fertilizer applications were made, the per- 
meability was relatively uniform tWughout the soil sample. 
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^ „ , 0 .4r-~' — . 



SUMMATION INCHES PERCOLATED 
Fig. 3.— Effect of sodium nitrate on permeability of soil No. 327. 

EXCHANGEABLE sodium 

several oS soils'! bShteatS^aMunf^’" complex of 

(a) U. inch, and (b) 12 inches of imWi when 

the soil. The adsorbed sodium of^b^^* water had percolated into 
usoroea sodium of the untreated soils was low in all 
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cases, amounting to less than 5%- of .the exchange capacity of the soil,/ 
and percolation of normal irrigation water either did not change the 
amount of adsorbed sodium or lowered it slightly. The adsorbed 
sodium of the samples to which 1,000 pounds per acre of sodium 
nitrate had been added increased greatly upon the addition of >2 inch 
of irrigation water, rising to as much as 30% of the exchange capacity 
of the soil in the zone of fertilizer placement. Upon the passage of an 
additional 11.5 inches of irrigation water through such samples, the 
percentage of adsorbed sodium held by the soil decreased until it 
was no greater than that of the untreated soil. Despite . this fact, 
permeability continued to decrease as long as percolation continued, 
as illustrated in Figs, i and 2. 

HYDROMETER ANALYSES 

At the conclusion of the percolation tests, samples of the soils 
analyzed for adsorbed sodium were subjected to a modified hydro- 
meter analysis technic to obtain an estimate of the proportion of each 
size separate which was already dispersed or was easily dispersed. 
Samples of the wet soils were transferred to liter graduates and 
made up to volume with distilled water. No dispersing agents were 
added, and the suspensions were stirred with 15 complete (up and 
down) steady, slow, vertical strokes with a plunger, and the sus- 
pended matter determined with an accurately calibrated specific 
gravity hydrometer. The readings obtained w^ere corrected for 
temperature and for the soluble salt content of the suspension. In 
every case, a greater percentage of soil particles remained in sus- 
pension (at every time inteiwal from half an hour to 48 hours) in 
the samples treated with sodium - nitrate than in the untreated 
samples. There was no significant difference in percentage of soil in 
suspension after half an inch as compared with 1 2 inches of percola- 
tion in (a) the untreated samples, or (b) the zone of fertilizer place- 
ment .of the treated samples. 

CALCIUM- CARBONATE ' 

A majority of the soils of the West contain calcium carbonate in 
some portion of the profile, but only about half the samples reported 
herein contained appreciable amounts. The presence of large amounts 
of calcium carbonate in the soil apparently did not affect the magni- 
tude of the decrease in permeability brought about by the addition 
of sodium nitrate, although this particular aspect of the problem was 
.--not examined systematically. 

DISCUSSION 

The results obtained indicate that the perrneability of many 
western soils is markedly reduced by , 'sodium nitrate ' .applied at the 
rate ..of i,.ooo, pounds .per, acre. -This is -in agreeme.nt with the field- 
experiments of Hall (7), Huberty and Pillsbury (10), and others, and 
conforms to expectations based on a general knowledge of the reac- 
tions involved. 

All the evidence obtained supports the premise that reduction in 
permeability following applications of sodium nitrate is due to in- 
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creased dispersion of the, finer fractions of the soil. This is borne out 
]>y hydro,meter analyses and by the "fact that the zone of fertilizer 
piacenient 'remains the impermeable zone despite the of an 

mdtmng increase in exchangeable sodium as a result of the fertilizer 
application. The contention that sodium does not accumulate to any 
great extent in leached soil despite heavy applications of sodium 
nitrate is supported by the data of Schollenberger and Dreilbeibis 
'(12), and othe.rs. 

The curves in Fig. i show that no significant change in permeabil- 
ity occurs unless sodium nitrate is present in the imgation water in 
high concentration. The ratio in the soil solution of sodium to other 
bases must be high, and the actual concentration of sodium must 
also be high before the sodium content of the base exchange complex 
can be increased appreciably. Such conditions exist, locally at least, 
in some sodium nitrate applications. For example, if sodium nitrate 
is broadcast at the rate of 1,000 pounds per acre, and is dissolved in 
the first yi inch of irrigation water, the instantaneous sodium nitrate 
concentration is almost 10,000 p.p.m. If the original soil solution and 
irrigation water have a combined salt concentration of as much as 
1,000 p.p.m., then upon the addition of the above 10,000 p.p.m. of 
sodium nitrate the percentage of sodium salts in the soil solution, 
temporarily, at least, must approximate .90%. Under such conditions, 
appreciable amounts of sodium are adsorbed by the exchange com- 
plex of the soil, and chemical analysis showed that such was the case 
in this study. 

Although heretofore it has not been sufficiently emphasized, most 
soils remain moderately permeable when leached with high-sodiiini 
water as long as the salt content remains fairly high, because the salt 
tends to keep the soils flocculated. But, as is usually the case, if the 
high-sodium water is followed by a water of considerably lower salt 
concentration, i.e., ordinary irrigation water or rainfall, the soil wall 
disperse and become relatively impermeable regardless of the chemi- 
cal composition of the latter irrigation water (3). This is borne out 
by the work of Hissink (9) and Gardner (6), among others, who 
demonstrated that so-called reclamation must involve physical as 
well as chemical changes. Especially is it important that the soil be 
allowed to dry if favorable physical changes are to take place to any 
extent. 

Ammonium nitrate and ammonium sulfate in high concentration 
tend to decrease permeability, but to a considerably lesser degree than 
sodium nitrate. The results, again, conform to expectations based 
upon a knowledge of the eTciency of ammonium salts as soil dis- 
persants. 

The fact that sodium fertilizers may decrease permeability is not 
new. The quantitative estimate of the decrease in permeability 
which can be brought about by high-sodium fertilizer applications 
should but serve to emphasize the necessity for sound practices. 
Many agronomists have long advocated applying soluble inorganic 
fertilizers to the irrigation waters of the West 'in several small appli- 
cations, rather than in one large application. Such a procedure is 
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theoretically sound' and tends to preserve good structure and main-' 
tain satisfactory infiltration rates. 

SUMMARY 

j;' Laboratory permeability studies were conducted upon 51 soils 

representative of the irrigated regions of the West. The water applied 
to each ^ of these soils was of the same chemical composition as the 
normal irrigation water used in the field. 

When sodium nitrate was added to the soil in concentrations such 
as are applied in bands in truck crop fertilization, permeability rates 
were reduced an average of 41%, and in some cases as much as 86 %. 
The reduction was serious in about one-half the soils. Differential 
permeability studies, hydrometer anatyses, and base exchange studies 
indicate that the decreased permeability is due to increased dis- 
persion of the finer fractions of the soil in the zone of fertilizer place- 
ment, rather than to an increase in exchangeable sodium. 

The same amount of sodium nitrate applied in the irrigation water 
in small increments had little effect on soil permeability, hence it is 
suggested that this fertilizer be applied in such a way that its con- 
centration in irrigation water or soil solution is kept to a minimum. 

Ammonium nitrate and ammonium sulfate in high concentration 
tend to decrease permeability, but to a considerably lesser degree 
I than sodium nitrate. 
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m E¥AL¥ATION OF KRAFT AND PARCHMENT PAPER BAGS 
FOR THE CONTROL OF POLLINATION IN GRASSES^ 

Wesley Keller‘S 

O NE of the striking characteristics of present-day grass breeding 
is the lack of standardized technic. This is clearly reflected in 
the variety of materials used and methods employed for the control 
of pollination. Most programs have included selling studies, if only 
to determine the mode of reproduction or the extent of self sterility. 
Now that some of these basic facts have been determined for most 
of the promising species, selling will probably be of greatest value in 
those programs where it is used as a method of breeding, for the 
ultimate production of hybrids, or in connection with genetic studies. 
The value of the latter has been emphasized by ^vlaiigelsdorf (29)'“^ 
and Hayes (16). Whether the selling method will be elective in the 
production of superior hybrids, remains to be seen. 

Valle (45) declared that the adoption of a selfing procedure had 
greatly retarded the breeding of timothy, Pltlemn prafeuse L., in 
Finland, and that direct hybridization of selected plants, without any 
selfing, was much more effective. Tysdal, et al. (43) have advocated 
a similar procedure for alfalfa improvement. Thus, even though 
selfing should be of restricted usefulness in future grass breeding, it 
appears that the use of bags for the control of pollination ma}" actu- 
ally increase. 

The present paper reports the results of a study comparing kraft 
and parchment papers for the self pollination of smooth bromegrass. 
Bromus mermis Leyss. 

REVIEW OF LITERATURE 

That portion of the literature which is adaptable to tabular classiiieation is 
summarized in Table i. Since the results of the thorough investigation of Jenkin 
(20) have become generally available, the use of cloth isolators has been largely 
discontinued. Paper cages and waxed cylinders have generally given poor results. 
Knoll (24) obtained higher seed yields under parchment bags than from oil paper 
or paramarinA In studies on Bromus inermis, Kirk (23) obtained no seeds from 
isolations under parchment, glassine, or ordinary grocery bags, and Waldron (47) 
obtained no seeds under either cloth or paper isolators. Smith (39) believed parch- 
ment was generally superior to kraft or glassine, but his data were not altogether 
consistent, and he concluded that differences in seed set under different kinds of 
paper bags were generally insignificant. Fruwirth (13) found that cutting plants 


^Contribution of the Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils and Agricultural Engineering, Agricultural Research Adtiiinis- 
tration, U. S. Dept, of Agriculture, in cooperation with the Utah Agricultural 
Experiment Station and the Intermotmtain Forest and Range Experiment Sta- 
tion, U. S. Forest Service, Ogden, Utah. Received for publication June 9, 1945. 

^Geneticist, U. S. Dept, of Agriculture, Logan, Utah. The writer wishes to 
express appreciation to P. y. Owen, Geneticist, Division of Sugar Plant Investi- 
gations, U. S. Dept, of Agriculture, who offered many helpful suggestions in the 
preparation of the manuscript. 

^Figures in parenthesis refer to ‘^Literature Cited”, p. 907. 

Taramarin (Knoll-24) is a coarse, strong paper, of dark, orange-red color, 
impregnated with waxy materials. Oil paper is a paper saturated "with oil, of 
yellow color, drawn out over wide meshed gauze for strength. Both paramarin and 
oil paper are impervious to water and water vapor. 
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back to effect seasonal isolation by retarding their development did not adverse! }?■ 
influence the flowering process. Calder (5) placed plants every 5 eliains (330 feet) 
ill Algerian oats, but for critical work used parchment balloons. Gl:ua?d paper 
bags Oj 40) cellophane bags (7, 27) are apparently satisfa'"ior\' for 

selling studies conducted in greenhouses. 

The Welsh investigators regularly place cotton around the culms where t!ie ba.g 
was to be tied over them. Myers (33) found that this iirotection tlid not ailect 
seed set of Duclylis ^lomerata. East (9), working on Zea ma\Ks, and using ordituuy 
grocery bags, moistened them at the mouth to facilitate close tying around the 
plant. 

The size of bags used has varied great h”, but none of the investigators cited has 
presented evidence indicating one size is bettor than another. 

Raum (36), Maite (28), Knoll (24), and Beddows (i) drew attention to the 
unfavorable influence of a high humidity in the isolator. Knoll oLhained a. nega- 
tive correlation betw'een air humidity within the isolator and seed set. He ob- 
tained the lowest humidity and the highest seed set with iDarcIiment paper (in 
comparison with paramarin and oil paper). 

Gregor and Sansome (15) concluded that the isolation bags were not responsible 
for sterility since plants found to be' self-sterile tinder bags were likewise self- 
sterile when isolated by time of flowering. Nilsson (32), on the basis of .statistical 
studies, concluded that the bag had only a small influence on seed set. Clark (6) 
reached a similar conclusion since many highly self-fertile plants had been isolated 
under bags. 

Brewbaker (3) compared several papers for seifing sugar beets. Best results 
were obtained from large pai'chment bags, and the poorest from small parchment 
bags. Unfortunately, his large bags were of 30-pound and bis small of 4<)-pound 
paper. He found that the humidity was higher and t.he temperature low'er in 
parcliment and cellophane than in kraft and hemp bags. Pearson (35) found the 
highest temperature in cellophane bags followed by glassine, bond, and manila 
with the lowest temperature in muslin bags. 

MATERIALS AND METHODS 

Two groups of plants of Bromus inermis w^ere used for the present study. The 
first group, bagged only in 1943, consisted of five plants selected for rather high 
self-fertility as determined from previous bagging. Ail plants were derived from 
a common ancestor, one by open pollination, two by selfing one generation, and 
two by selflng two generations. They were expected to indicate the potentialities 
of the different papers on material capable of considerable self-fertility. 

The second group consisted of two families of plants which may be regarded 
as unselected, but in each of which previous bagging had revealed considerable 
variation in self -fertility. During 1943, 25 plants of an Si family and 6 plants of 
an S2 family were bagged. In 1944, 21 plants of the Si family and 6 plants of the 
S2 family were again bagged. Nineteen plants of the Si and 6 from the S2 

family, a total of 25 plants, were bagged in both 1943 and 1944. 

The present study was undertaken to compare brown kraft bags, coinmonbr 
used at this station, with bags of the same size made of parchment and bleached 
kraft® paper. "War restrictions on paper made it impossible to obtain either 
bleached kraft or parchment in 40-pound material, but a 50-pound bleached kraft 
was obtained.® Both 35-pound, and 43-pound parchment papers were obtained 
on the market. The necessary bags of each of these papers were made up l,)y hand, 
using waterproof glue. During the 1944 season, bags of 27-pound parcliment 
■were also ■ used. 

All bags were 3X26 inches and were supported in the field by wire st tikes and 
closed with gem paper clips. Before any bags were put on the plants, |.)roper 
identification numbers were stamped on them. JUl of the different tvpcs of piifier 
bags used each season were placed on each plant used for the stiidv. All of the 


^Bleached kraft paper was suggested to the writer by F. V. Owen, geneticist, 
U. S. Dept, of Agriculture. 

®The writer wishes to acknowledge the generous cooperation of the St. Helen’s 
Pulp and Paper Company, St. Helens, Ore., who contributed the bleached kraft 
paper after it could no longer be obtained from distributors. 
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bagging work was done in a few days, and. was completed a few days prior to 
antliesis. 

After the flowering season was over, and the seeds on exposed panicles had 
hardened, but \ritlioiit evidence of shattering, the bagged material was harvested 
and allowed to dry thoroughly. Each bag was then opened, the contents carefully- 
removed, the number of spikelets on each panicle was counted, and the seeds in 
each bag threshed by hand. A partial separation of seed and chaff was accom- 
plished by dropping the threshed mass in front of a wire screen against which 
an air current from an electric fan was directed. The number of seeds was then 
counted. In 1944 the seed yield of each panicle w^as determined separately. 

All of the data obtained have been analyzed by the variance method, ^Germi- 
nation percentages W’ere taken through the angular transformation to degrees, 
to avoid possible bias. Fisher and Yates (10), Table 12 -was used for this trans- 
formation. 

EXPERIMENTAL RESULTvS 

A summary of all data relevant to the evaluation of the diil'erent 
papers is presented in Table 2. Investigations during 1943 (parts 
A and B) reveal that the types of papers used led to significantly 
different results in selfed seeds produced per 100 spikelets bagged, 
weight of seeds, germination, and viable seeds per 100 spikelets 
bagged. These data reveal the superiority of 35-pound parchment 
over the other papers, with 50-pound bleached kraft the second best 
paper. The superiority of 3 5-pound parchment relates to the greater 
number of selfed seeds produced by panicles that were isolated by it. 
These seeds were heavy, and gave satisfactory germination values. 
Panicles isolated by 50-pound bleached kraft yielded fewer seeds, but 
they were also heavy and gave satisfactory germination values. 
Panicles isolated by 40-pound brown kraft and 43 -pound parchment 
yielded either fewer seeds or seeds of lighter weight, or both fewer 
and lighter seeds. Germination values are significantly influenced 
by weight of seeds. The data of Table 2, part A, gave a highly signifi- 
cant correlation coefficient of +.560 for weight X germination. 

The data presented in Table 2, part C (1944), indicate that 27- 
pound parchment and 35-pound parchment are of approximately 
equal value. However, since the lighter paper yielded heavier seeds, 
some advantage might be claimed for it. 

DISCUSSION 

One of the significant differences revealed by the present study is 
that betw^een 3 5 -pound and 43 -pound parchment papers. The lighter 
weight paper was superior to the heavier in every respect. Bleached 
kraft was also consistently superior to brown kraft. 

Some of the characteristics of the different papers used were 
examined in seeking an explanation for their relative efficiencies. 
The data are presented in Table 3. Diffusion of light was measured 
with a AYeston foot candle meter and is expressed in percentage of 
total light. Kraft papers allowed penetration of only approximately 
one-third as much of the total light as passed through parchment 
papers. There is obviously no relation between total light entering 
the bag and selfed seed set. It is noteworthy that the heaviest parch- 
ment allowed as much light penetration as the lighter weights. This 
suggests a. qualitative difference in these papers. 
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All attempt was made under field conditions to measure the 
porosit}^ of the papers by determining the amount of water eva- 
porated from a vial placed" under each ba,g during an extenrled period 
of time. The data obtained do not reveal any striking diilerences. 
The}?- are subject to a number of unknown variables and cannot be 
taken too literally. 

Under low differential air pressures 43-poimdparchnieiit was found 
to be impervious, whereas all other papers allowed air penetration. 
This represents a clear-cut difference between 43 -pound parclimeiit 

Table 2 . — Summary of selfin g with selected and imselectedyplanis of Bromus inermis 
in which kraft and parchment papers are evaluated, with four panicles placed 

m each bag. 


Paper 

Num- 
ber of 
panicles 
studied 

Mean 
No. 
spike- 
lets per 
panicle 

Selfed 
seeds 
per 100 
spike- 
lets 

of Too : 1 

seeds in : ; 5*'- 

Kraft: 

40-lb. brown 

50-113. bleached 

Parchment: 

35-ib 

43-ib 

A, Five 

100 

100 

1 100 

100 

Selected 

69.5 

77.0 

74.2 

67.0 

Plants (rc 

1 12.2 

118.3 

1 162.2 ! 

118.1 

M3) 

171.4 I 69.8 

221.5 1 75-3 

1 

195-8 j 73-0 

124.7 i 56.4 

100.4 

128.6 

1474 

91.0 

Sig., dift'., 5% level .... 

! _ 

! — ” 

■ 21.5 i 

I3A 1 5*24 

22,5 

' 10,5 

2.72 

F values 

Calculated 

Required at 5% level 


1-74 

2.64 

. ■ 8.8 
. 2.72 

j 77*5 j 20.7 j 
1 2.72 1 2.72 ; 


B, 31 Unselected Plants (1943)'^' 


Kraft 1 

40~lb. brown 

50-lb. bleached 

Parchment 

35-Ib 

43-tb 

124 

124 

124 
124 ■ 

54-3 

5^*5 

54.8 

50.3 

25-7 

40*3 

674 

39-7 

136.6 

185-2 

199.9 

97.2 

i 46.6 

; 57.3 

i 60.6 
: 30-3 

; 17.8 

i 4U9 

f 

1 72.2 

14.3 

Sig. diff., 5% level .... 

— 

— 

1 1.6 

26.4 

j 5-5 

1 '17.3 

F values 







Calculated 

; 

0.76 

17.67 

j 26,3 . 

1 50.8 

19.8 

Required at 5*;^^ 

...j 

2.71 

2.71 

i 2.90 

1 2.90 

2.90 


C, 33 Unselected Plants (1944)''^ 



Parchment 

1 



1 ■ 

1 


27-lb 

396 

46.2 

35-0 

176.4 

1 65.6 

41.8 

35-lb 

1 396 

48.G 

31,9 

1 61 .q 

t ■ ■■■ : 

65,3 

39*5 

F values 

i 






Calculated 


1.62 

1.7 

22.4 , 

0.03 

0.43 

Required at 5% level 

— 

3.92 

3-92 

: 4*04 i 

4.04 

4.04 


^ *Only 12 plants yielded stifScietit seeds to contribute information on weight, germination, and 
•viable seeds per lOO spikelets bagged. 
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and the other' papers, but it is of doubtful significance because no 
attempt was made to seal the bag where it was closed around the 
culms and supporting wire. Thus, any type of differential set up with- 
in the bag, such as the accumulation of CO 2, -would not be entirely 
dependent upon diffusion through the paper directly to escape from 
the bag. It mmuld seem, therefore, that none of the characteristics of 
the different papers, as represented in Table 3, would be adequate to 
account for their differential values as represented by the data of 
Table 2. 


Table Characteristics of the different papers as determined by measurements of 
the penetration of light, air, and water vapor. 



Kraft 


Parchment 



40-lb. 

brown 

50-lb. 

bleached 

27-lb. 

35 -lb- 

i 

43 -lb. 

Li?ht, % of total* 

15-8 

17.4 

52.5 

51.0 

56.5 

Water evaporationf 

63-5 

54.5 

— 

52.5 

48.5 

Air penetration f . 

0.38 

O.II 

0.06 

0.047 

! 0.00 


=^Mean of 12 samples with total light intensity varying from 600 to 9.300 foot candles. 
fAmount of water in grams evaporated from a yial supported in each type of bag. Means of two 
determinations; duration 40 days under field conditions. 

tCubic centimeters per second through a disc 102 square centimeters in size when under a 
relatively constant pressure differential of i mm. 

SUMMARY 

More selfed Seeds were produced by Bromus inermis under bags 
of 35“pound parchment paper than from 50-pound bleached kraft, 
43~pouiid parchment, or 40-pound brown kraft. 

Fifty-pound bleached kraft was superior to 43 -pound parchment 
and 40-pound brown kraft. 

In another season 35-pound parchment and 27-pound parchment 
appeared to be of approximately equal value. 

Seeds produced under 35-pound parchment and 50-pound bleached 
kraft were heavier than those from 40-pound brown kraft and 43- 
pound parchment. There was a significant relationship betw^een 
weight of seeds and their ability to germinate. . ■ 

Measurements of penetration of light and air through the different 
papers, and of evaporation of water from vials in the bags, failed to 
reveal any characteristics which might account for the results 
obtained. 
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IN¥ESTIGATIONS WITH THE CASTOR»-BEAN, PLANT: IIL 
FERTILIZERS, CLIPPING, METHOD OF PLANTING, AND 

TIME'OFHARfEST^ 

■ W, E. Domingo and D. M. Crooks- 

S EVERAL cultural methods other than rate 'and date of planting 
castor beans were studied cooperatively from 1941 to 1943'^ by the 
Bureau of Plant Industry, Soils, and Agricultural Engineering and 
state agricultural experiment stations. Among them were the use of 
fertilizers, the method of planting, the clipping or pruning of the grow- 
ing' point, and the time of har\^est. Altliougli these tests were con- 
ducted on a less extensive scale than the rate- and date-of-planting 
tests, the results were useful in making recommendations. 

FERTILIZERS 

■ Eight fertilizer tests were conducted, six in 1941 and two in 1,943. 
The 1941 tests were located at Maple Hill and Parsons, Kans.; Ara- 
paho and Stillwater, Okla.; Poplandlle, Miss.; and Columbia, Mo. 
Five of the tests compared fertilizers applied to the Conner variety, 
while ' the Poplandlle test co.mpared fertilizer placements on ^ the 
Scott variety (probably a selection from U. S. 4). The work -was 
initiated late in the planting season of 1941, and the tests necessarily 
lacked uniformity in design and fertilizers used. The treatments and 
yields are listed in Table i. In view of the usual magnitude of the 
difference mecessary for significance in c^astor bean tests which are 
designed to permit statistical analysis, the yield differences between 
treatments, in these tests are not telieved to be sufficiently large to 
be considered .significant. Thus, the 1941. data indicate that a profit- 
able response wmuld likely not result from application of fertilizers 
to castor beans, either before planting or as a side dressing after 
■emergence. ', ■ ' 

The two fertilizer tests,in i943 were conducted at Lexington and 
Princeton, Ky, In these' tests, which were' of unifomi design, only the 
Conner variety was used and nitrogen, phosphorus, and potassium 
%vere each applied alone and in all possible combinations at the rate 
of 250 pounds of 4-12-8 per acre. Plots were 4X 10 hills in size with 
single plants spaced 3.5X3. 5 feet, and only the center two rows 
were used for yield data.- At Princeton The treatments were in quad- 
Tuplicate and at Lexington they were in duplicate. The yields from 
these two tests are given in Table 2. The plot at Prince toi{ was rather 
high in productivity, but it was thought that the fertilizers used in 
this test would have increased corn yields from 5 to 7 % for eac^h 

Contribution from the Division of Tobacco, Medicinal, and Special Crops, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Re- 
search Administration, U. S. Dept, of Agriculture, Beltsville, Md. Received for 
publication April lo, 1945. The first of this series appeared on pages 750 to 762 
and;the;secona part on pages 812 to 820 of Vol. 37 of this Journal. 

^Agronomist and Principal Horticulturist in Charge, respectively. 
^Mimeographed reports D.R.P. 34, 35, and 40 give data in detail and summarize 
this work annually for 1941 » 1942, and 1943, respectively. 
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TABLE; I, “ — Yields of castor beans from six fertiliser tests in 


Location 

Fertilizer 

Pounds 
of ferti- 
lizer per 
acre 

Yield, 
pounds 
per acre 

Map.le Hill, Kans. 

None 

— 

558 


Sodium nitrate 

— - — 

614 


. Superphospliate 20% ■ 

135 

643 


.Mixed 


569 

Parso,iis, 'Kans. 

; None 

— 

472 


Superphosphate 20% 

J 35 

434 


Lime 

; 6,000 

385 


Lime and superphosphate 20% 

1 

i 392 


Mixed 


465 

Arapaho, Okla. I 

None 

— 

155 


Sodium nitrate 

— 

190 


Superphosphate 20% 

135 

220 

, 

i 

Mixed 1 

1 


164 

Stillwater, Okla. 

None 



819 


Ammonium sulfate 

72 

858 


Superphosphate 20% 

135 

888 


Mixed 


885 

Poplarville, Miss. 

4-“8“4 below seed before planting 

300 

'404 


4-8-4 side dressing after emergence 

300 

303 

Columbia, Mo, 

None 

■ ' — 

1,001 


0-20-0 

150 

984 


0-20-10 

150 

1,141 


0-20-20 

150 

1,191 


10-20-0 

150 

1,109 


10-20-10 

150 

1,141 


10-20-20 

150 

'1,201 


10-20-10 plus 50 Ibs.' CaCOs . 

150 

1 ,201 - 


1 0-20-10 plus 50 lbs. MgCOs 

150 

.1,127 


5-10-5 

150 

1,099 ' 


^Yields are in pounds of hulled beans, except at Poplarville -where yields are in pounds of beans 
in the hull. ^ 


element. ' As can be seen in the table, only phosphorus when used 
alone produced a significant increase ,.'(8 -5%) 'in yield. This does not 
constitute a substantial case for phosphorus, but it might suggest 
that the species is more like corn in its phosphorus requirement than in 
its nitrogen and potassium requirements. With reference to the Lex- 
ington test, it is felt tliat the fertilizers used would not have produced 
any increuvse in corn yields,.. and Table, 2 shows .that they-, produced 
no significant increases in '.castor .bean yields. ' ■ 

CLIPPING TESTS , ■ 

Increased branching has been observed . .in young castor bean 
plants from which the upper portion of the stem has been removed, 
it has been suggested that systematic removal of the tops of young 
plants might encourage branching and that each branch might bear 
a raceme all of which would mature at the same time and thus reduce 
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Table 2. — Yields in pounds of hulled beam per acre of ike Conner rnrieiv in 
fertilizer tests at two locations in Kentucky in i(J4J. 


ri« ‘11 


Fertilizer 


j 

Prinveroa 

L,exiri« 4 ton 


^ ^235 

^ 445 


1,1.59 

1,53s 

p....... 


-345 

K.... j 

1,26s 

! 1431 


1 .292 

1, i 4<>7 

NK... ..........i 

0127 

i '.564 

PK ! 

! 1,322 

1. 341 

NPK 

1,289 : 

! .1,538 


•insignificantly greater than yield of plots receiving no fertiliser. 

harvesting costs.. Tests on this point were conducted at iM'anhattaii, 
Kans., and Stillwater, Okla., in 1943. At Manhattan the treated 
plants were clipped just above the fourth, fifth, and sixth nodes as 
soon as those nodes appeared (June 25 to June 30) which whas con- 
sidered to be the optimum time for such treatment, lliis lest included 
both Conner and Kentucky 38, and the 4X10 hill plots were in 
quadruplicate with only the center two rows harvested for yield. At 
Stillwater treatment was delayed until most, of the first racemes 
were, ill bloom, when clipping was done just above the .fifth,, seventh, 
ninth, eleventh, and thirteenth nodes on July 12. Only Cori,ner was 
used' in this test and the plots ivere arranged systematically i,n, three 
replications. The yield data from these tests are .given in Table 3., 

Table ^. -—yields in pounds of hulled beans per acre of two clipping tests. 


Treatment 

Manhattan, 'Ivans, ^ 

Stillwater, 

Okla., 

Gonner 

Conner 

Kentudey 38 1 

1 

Average 

Not dipped 

1,496* 

1,219 1 

R 357 * 

432* 

Clipped above 4th node 

914 

893 1 

903 


Clipped above 5th node 

1,040 

1,032 : 

1,036 

222 

Clipped above 6tli node 

826 

1,070 ! 

948 


Clipped above 7th node 


■ ■ j 


148 

Clipped above 9tli node 

— ^ — 

1 

— 

,108 

Clipped above T ith node 


1 

— ... ,1 

68 

CU|.)ped above i3tb node 

— 

1 — j 

1 

105 


^Differences between this value and all others in the column are highly significant. 

Examination of the/data on yield and' ot.h..er characteristics failed to 
show^;appreciable advantage for the clipping treatment. Yields -were 
materially reduced by clipping, at both, the early and late stages. 
Although clipping stimulated branching, the dates of heading and 
maturity were retarded which contributed greatly to decreased yields. 
Critical comparisons of uniformity of maturity were prevented by 
dry weather which caused abnormal ripening. 
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Since the castor bean is adapted to areas where corn is surface 
planted and also to areas where it is planted in listed furrows, it was 
considered desirable to determine whether either method is distinctly 
preferable for this plant. At Manhattan, Kans., in 1941 and 1942 the 
Conner variety was hand-planted at the normal depth both in the 
bottom of listed furrows and on the surface. In 1941 the unreplicated 
plots were 10X35 hills in size. In 1942 a plot of 14 listed rows, each 
35 hills long, was bordered on both sides by nine surface-planted 
rows of which all except the outer two on each side were used for yield 
data. . 

The yields in pounds of hulled beans per acre on the surface- 
planted and listed plots, respectively, 'were 795 and 631 in 1942, and 
1,040 and 982 in 1943. In view of the limited nature of these tests no 
definite conclusions can be formulated, although at present it seems 
that as regards yield alone either method is acceptable and that the 
method used can be governed by the equipment available. It was 
observed that weed control was much easier in the listed plot , where 
in 1.943 oidy two cultivations were necessary as compared with five 
for the surface-planted plots. Planting in lister furrows probably 
delays growth somewhat as compared wuth surface planting since 
the seed is placed in colder soil. In certain years this factor might 
adversely affect yields. 


TIME OF HARVEST 

While the present varieties are markedly resistant to shattering 
when compared, wfith the strains grown in the 1800’s, many growers 
have considered it necessar^r to harvest more than once. This makes 
harA^-esting the most expensive of production operations. Studies 
were designed to determine the extent to which the number of har- 
vests could be reduced without serious loss of beans by shattering. 
The dift'ereiit treatments were (a) harvests as often as necessary to 
get all of the beans, (b) harvests only when quite serious loss seemed 
imminent, and (c) only one harvest at the time of the first killing frost. 

Three varieties, Conner, Doughty ii, and Kentucky 38, Avere used 
in a split-plot design to determine whether all Amrieties performed 
alike under the three treatments. Varieties were in the main plots 
and treatments in the sub-plots, which were 4X10 hills in size. The 
center two rows of each plot Avere used for yield data. These tests 
Avere conducted at StillAvater, Okla., and Manhattan and Wichita, 
Kans. Treatments were in quadruplicate at all locations except 
Wichita where treatments were in duplicate and treatment “b” was 
omitted. •: 

Data from these tests are presented in Table 4. They shoAV that 
yields from methods “a” and “b” were essentially the same, but that 
method ‘T” reduced yields on all varieties at Manhattan_and Wichita 
and on Kentucky 38 at Stillwater. 
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SUMMARY 

1 . Eight fertilizer tests in Kansas, Kentucl^, 'Mississippi, Missouri, 
aiid^ Oklahoma failed to show any marked yield increase from nitro- 
gen, phosphorus, or potassium, either alone or in combination, on 
the Conner variety of castor beans. The only significant increase 
from any treatment was with phosphorus alone at Princeton, Ky. In 
the same test phosphorus with nitrogen, and potassium produced no 
such increase. 

2. Clipping the stem from young plants above the fourth to the 
thirteenth nodes in two tests in 1943 increased branching as expected, 
but yields of treated plants were materially reduced, largely because 
of delayed maturity. 

3. Surface-planted plots yielded somewhat more than listed plots 
in two small tests in Kansas. The differences, however, were not 
great and the method used should probably be governed by the 
ecpiipment available. Weed control was much easier in the listed 
plots. In certain years planting in cold soildn lister fumows might 
affect yields adversely. 

4. In general, delaying harvest of the three common varieties of 
castor beans until frost in three tests in .1943 resulted in significant 
loss of seed by shattering. On the other hand, yields were only slightly 
different from plots harvested frequently enough to get all of the seed 
and from plots harvested only when serious loss seemed imminent. 
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THE INHERITANCE OF THREE GENES THAT MFLUENCl 
TIME OF FLORAL INITIATION AND MATURITY DATE 

INMILO^ 

J. R. Quinby and R. E. Karper- 

S ORGHUM, Sorghum vulgare, Pers., althougli ri|)|)areiith^ indige- 
nous to tropical Africa is now grown in latiliides as high as 45 
degrees. Since sorghum is a short -day plant according to ilii‘ (‘lassili- 
catioii of Garner and Allard (10),^ which means that maiuritjr is 
hastened by growing under short photoperiods, the varieties that are 
adapted to the higher latitudes of long suiiinier days must have 
arisen at some time in the past as the result of mutation of genes that 
control response to photoperiod. 

Since the duration of the vegetative period in a giaiss is coisTroHed 
by the time of floral initiation, a study of the inheritance of maturit}’ 
in sorghum is actually a study of the inheritance of the genes that 
influence the biochemical changes that bring about iioral initiation. 
This paper reports on the inheritance of three genes that influence 
maturity date in milo and which cause profound changes in plant 
growth. 

REVIEW OF LITERATURE 

In a plant with a terminal inflorescent like .sor.e;hum, duration of tlie vegeta- 
tive period and ultimate plant size are dependent uj)nn the tiine tliao iioral 
initiation takes place. In a grass, a delay in the initiation n iioral hud results in 
a larger number of internodes and leaves which brings about a delrur in i]*“»wenng 
and maturity. There are illustrations and an excellent distnission of the develop- 
mental morpholog}" of the growing point in certain grasvses by Evans and Grover 
(9). Sinnott (29) has reported that the size of any organ depends upon tlie size of 
the growing point out of which it develops, and Abbe, Randolph, and Einset (i), 
using Zea mays, have shown that the relative size of a leaf isriletermincd at the 
time the leaf primordium is laid down. These things being true, ii follows that 
the large leaves that appear towards the top of a plant result from tlie greater 
circumference of the growing point as it grow-s older, and stalk diameter is posi- 
tively conrelated with number of nodes and the duration of growth prior to floral 
initiation. Earliness of maturity is associated with small plant growth and late- 
ness of maturity with large plant growth, but the determining factor in both 
maturity and ultimate plant size within a species is the duration of the jjeriod 
prior to floral initiation. Sieglinger (28) recognized in sorghum the association 
between number of leaves and leaf size, diameter and height of stalk, and vigor of 
plant, and showed that varieties hiive different numbers of leaves, and tliat a 
change in planting date which changes both the photoperiod and tempeniture 
brings about differences in leaf number. 

Hamner (14, 15), in discussing the biochemical nature of phoioperiodism, 
has assumed that substances of a hormone-like nature must be involved in the 
differentiation that ultimately leads to flowering. Yarnell (37) has discussed and 
reviewed the literature that is concerned with the influence of environment on 
the expression of hereditary factors. It is apparent that the genes which inihmtirc 
growffh and differentiation in plants are themselves influenced in expressiim by 

Contribution No. 901 from the Division of Agronomy, Texa.s Agricultural 
Experiment Station, College Station, Tex. Published by ixirmission of 'the Diret'- 
tor of the Texas Agricultural Experiment Station. Recxflved for rmlihh'ation 
June 11,: 1945. . . 

^Agronomist and Agronomist in Charge of Sorghum Investigaiioiis, resfpec- 
tively. 

^Figures in parenthesis refer to “Literature Cited”, p. 935. 
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certain constituents of. the environment since such things as photoperiod, tem- 
perature, and nitrogen nutrition level have been found to influence floral initia- 
tion. The correlative effects of temperature and nitrogen nutrition oii photoperiod- 
isin are discussed by Haniner (13). ■ ■ , 

Annual and biennial growth habits such as exist in sweetclover and sugar 
beets and winter and spring growth habits such as exist in small grains as well as 
early and late niaturities^such as exist in summer-growing annuals are all the result 
of difference in time of floral initiation. These differences in maturitv, even 
though they occur in both long- and short-day species, are apparently alf of the 
same sort since each is dependent upon the time of floral initiation. Genes that con- 
trol time of maturity have been reported in sugar beets by Abegg (2) and Owen, 
Carsiier, and Stout (23) ; in sweetclover by Smith (30) ; in tobacco by Allard (3) ; in 
rice by Hector (16) and Bhide (6); in sorghum by Karper (18) and Ayyangar, 
et al. (5); in sweet peas by Little and Kantor (22); and in corn by Sprague (32). 
Winter and spring growth habits in wheat and barley have been demonstrated 
by numerous workers to be genetically controlled and the literature on this sub- 
ject is cited in a paper b}^ Powers (24). Statistical methods have been used to 
analyze data of a quantitative nature in an effort to establish the number of 
genes involved in varietal crosses in a number of species, including peas, cotton, 
tomatoes, and golden-rod. This literature is cited in a paper by Goodwin (11). 

In a number of instances it is known that a difference in response to photo- 
period, or to pliotoperiod and temperature combined, is the difference between 
the genes that influence time of maturity. This is true in tobacco as shown by 
Allard (3), in wheat as shown by Powers (24), in sugar beets as shown by Owen, et 
■al, (23), in golden-rod as shown by Goodwin (n), and in Zea as shown by Lang- 
ham (21) provided the proposal of Reeves and Mangelsdorf (25) to make Zea and 
EticMaena congeneric is accepted. Of course, not all differences in maturity 
among varieties are caused by differences in response to photoperiod. The later 
maturing and simple recessive mutation Cuzcoid in corn which resembles a 
variety from equatorial regions, for example, has been reported by Sprague (32) 
as not being influenced by photoperiod. 

A review of the literature leads to the conclusion that, in grasses, differences 
in dates of maturit}^ among varieties are the result of differences in time of floral 
initiation ; that time of floral initiation is influenced by genes that are themselves 
influenced in expression by constituents of the environment such as photoperiod, 
temperature, and nitrogen nutrition level ; that time of floral initiation determines 
not only the date of maturity but, also, ultimate plant size; and that a biochemi- 
cal process involving some hormone-like substance is involved in stimulating the 
differentiation that leads to floral initiation. 


MATERIALS AND METHODS 

All of the numerous sorghum varieties are considered by American workers 
to be of one species, Sorghum vulgar e, Pers. A classification of American varieties, 
none of which is indigenous, and a careful review of the botanical literature is 
given b}?* Vinall, Stephens, and Martin (36). Snowden (31) has considered that 
sorghum consists of many species and has made a botanical classification of 
vsorghums throughout the world based on the collection at Kew Gardens. There 
may be a little justification for this specific classification, but all of the lo-chromo- 
some varieties (or species) intercross readily, are highly fertile, and the segrega- 
tion of miiiierous genes in the P2 generation followrs a normal Mendelian pattern. 
Nevertheless, there are distinct groups of varieties, the genetic basis for which is 
not understood, and they are generally referred to in the United States as the 
broomcorns, sumacs, milos, kafirs, kaoliangs, shallus, etc. In the study reported 
here only varieties of the milo group, which is Snowden’s Siihglabrescejts var. 
latum, .are , involved. 

The milos comprise a group of grain sorghum that is visibly distinf't largely 
as the result of the recurved peduncles, yellow midribs, ovoid panicles, wrinkled 
glumes, and characteristically shaped seeds (Fig. r). Like other sorghum varie- 
ties, the various strains of milo are actually inbred lines whose vigor is not re- 
duced by further inbreeding. In the milo group the differences between varieties 
are brought about by differences in two genes that influence length of internode, 
by one gene that determines the presence or absence of a plant pigment, and by 
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Fig. I. — Early and Intermediate genot\'pes of milo that dilTei* only in t,>ne gene 
that influences time of floral initiation. Sooner milo on left and Dwarf Yellow 
milo on right. 


the genes that influence inteniode number and maturity, the inh.eriianee ?>f which 
is the subject of this paper. 

The inheritance of the two genes that influence internode leiigtfi in mdo was 
studied by Karper (17) and is the same as that in broonieorn a.s reported by 
Sieglinger (27), Both genes in the dominant {Du' Dwi) condition produee a tall 
plant; one recessive and one dominant produce two kinds of dwarf fflants which 
are, for convenience, called dwarf {dw i. and tall dwarf (Die ; and both 
genes in the recessive condition produce a double dwarf plant (d^c (Zkc-). All of llie 
height classes within a single maturity type have the same number of leaves, the 
difference between them being in the internode length only. 

Red or yellow pericarp color in milo was shown b\' Conner and Karper (8) to 
be due to a single dominant gene. The dominant gene produces a red plant color 
that shows in the dead tissue and a red (in varietal names called yellow) perii:arp- 
The recessive allelomorph produces plants lacking the red pigment in both foliage 
and pericarp. This gene in the dominant condition is ('omn^on to all r(,Hi-seeded 
American varieties and was designated as R by Vinall and Cron (35), Sieglinger 
(26), and Swanson (34). It appears that this same gene was ('ailed R Igv Gndiani 
(12) in India but Ayyaiigar, el al, {4) called it IT and assigned R amflher gene, 
in this paper the designation R will be used for the gene that prodiu'cs the cufu-r- 
ence in color between red and white which is the differem'e betweeri Yellow milo 
and White milo. 

^ In addition to the differences in height and seed color, there arc varieties of two 
different maturities being grown in the United States and a third malarity type 
was grown 40 years ago but is now extinct. The cotnmercial varieties of milo 
being grown in the United States may be either tall, dwarf, or douole dwarf in 
height: either yellow or white seeded; and either early or mid-seasoti in maturity. 
All of these possible combinations are not being grown comrneri'lally, l>ut most of 
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them do exist and are in sorghum nurseries on'- experiment stations. The earl3- 
maturing varieties are Early White'milo (taH) ;and'Sooner milo (dwarf and yellow). 
The varieties of intermediate maturity are Double Dwarf Yellow milo,'^ Dwarf 
Yellow milo, Dwarf White milo, Staiidard Yellow milo (tall), and Standard White 
inilo (tall). 

Beginning in 1938, a study of the inheritance of the genes that bring about 
differences in maturity in sorghum was undertaken and this study is still under 
waj?-. The work is being done at the Chillicothe and Lubbock Stations. The differ- 
ence in latitude at the two stations is not great, Lubbock being slightl^?^ south and 
Chillicothe slightly north of the 34th degree of North Latitude; and, therefore 
the length of day is practically the same at the two locations. The longest day 
ill the year from sunrise to sunset at the 34th parallel is approximately 14 hours 
and 25 minutes. The elevation at Lubbock is 3,240 feet and at Chillicothe ' is 
1,406 feet and this difference in elevation brings about a considerable difference 
in temperature that is reflected in a shorter growing season at Lubbock and enough 
difference in temperature to affect growth of sorghum. During June and July 
there is a difference of about 6 degrees in the daily minimum (night) temperature 
and 3 degrees in the daily maximum (day) temperature, those at Chillicothe 
being higher in each case. Detailed meterological data of the two stations have 
been published (19). 

Plantings at Lubbock wrere made during the last week of May and those at 
Chillicothe usually during the third week of June. The later planting at Chilli- 
cothe w^-as done in an effort to escape chinch bug infestation as that insect migrates 
from wheat by flight early in June. 

Measurements of height were made from the ground level to the ligule of the 
upper (flag) leaf. This height measurement is entirely comparable in the various 
heights and is much easier to measure than total height in populations of milo 
where man}' of the heads are recurved. Number of leaves per plant was obtained 
by marking the fifth and subsequently the tenth leaf soon after each appeared. 
The tenth leaf is still on the plant at maturity and the total number of leaves was 
obtained by counting upward from it. Length of leaf determinations were made 
by measuring the length of the leaf blade from the ligule to the tip of the leaf. 
Diameter of stalk was measured at the middle of the first internode that appeared 
above the ground level. The internode measured was usually the twelfth. The 
constants included in Tables 6 and 7 are based upon populations of 30 to 40- 
plants. Weights given in Table 7 are of air-dry material. 

A tag showing the number of days from planting until anthesis was placed on 
the head of each main stalk on the day its first bloom appeared- The information 
on these tags was later tabulated by 2-day periods. Details concerning the flower- 
ing of sorghum may be found in a paper by Stephens and Quinby (33). 

The time of floral initiation or head differentiation may be determined readily 
by splitting plants and observing the growing points under low magnification. 

In the experiments wEen plants were subjected to lo-hour photoperiods, frames- 
covered first with black rubberized cloth and then with white sheeting were placed 
over the plants being treated at 5:00 p.m. and removed at 7:00 a.m. 


EXPERIMENTAL RESULTS 

Four phenotypevS for maturity have been obtained as segregation 
products resulting from crossing certain strains of milo. The four 
phenotypes include eight genotypes which result from the various- 
combinations of three independently inherited genes. Typical dis- 
tributions of time of anthesis of the eight genotypes is given in Table 
I. For the sake of convenience, the four phenotypes have been given 
the designations of Early, Intermediate, Late, and Ultra-late. The 
three genes have been, assigned the symbols Ma, Mai, and Maz. The 
genes Ma^ and Maz are dependent for their expression on the presence 
of dominant Ma and this condition causes all four genotypes that are 
homozygous recessive for ma to be of the same Early phenotype. 
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Also, in the presence of dominant dominant Mch dc^es not 

express itself and there are two Ultradate geiiot\^pes that ha\'e similar 
:phenotype. ■ ^ ^ 

The Early genotypes comprise the agronomic straitis of tlie Sooner 
niilo variety. The Intermediate genotj^pe comprises all of ilu? agro- 
nomic varieties of Yellow and White milo whether dotihlo-dwarl, 
dwarf, or tall in height. The Late genotype is not representeu by an 
agronomic variety. The Ultra-late genotype became extinci: as a 
variety in the United States when Giant milo disappeared about iqoo. 

Ayyaiigar, ei at. (5) in India studied the inheritance of a gene that 
caused “tall-late” plants in sorghum. The mutation was discot'ered 
in a common variety, Patcha jonna, and was found to be caused by a 
single recessive gene. The symbols lui and iiii were assigned to the 
factor pair. It is not known if any of the three genes in milo reported*"""-* 
here is identical with In^ but the linage of hii with height of plant 
suggests that lui and Mai may be identical. However, it will be 
noticed that there is a reversal of dominance for late maturity in. lui 
as compared with Ma, Ma2, and Ma^. Earliness is dominant late- 
ness in most crosses between American varieties if neither Dwarf 
Yellow milo nor Hegari is one of the parents. This fact is shcavn by 
the time of maturity of first generation hybrids as rer^uncMi by 
Kai'per and Quinby (20) and by unpublished data. 

INHERITANCE OF Ma 

The mode of inheritance of the Ma gene is shown hy the Y- and ¥:i 
data of S. x\. 545S, Dwarf Yelkwv milo (Intermediaio) XScKwcr milo 
(Early). The Fi plant and the Pa and F3 populatioms were grmvn at 
Chillicothe in 1942, 1943, tmd 1944. Genetically, the emss vuas 
Ma ma-i manXma ma^ nuis,, and the Fi hybrid whiclt Idoumedl in 85 
days from planting was Ma ma ma^ ma2 mati ma$. The F2 popidalion 
was tagged for time of anthesis and the entire populaiit.m ca' 192 
heads was grown into the F3 and tagged for time of anthesis and, 
therefore, the F2 genotypic segregation is available. The data are 
given in Table 2. The parental classes have means for anthesisS of 50.5 
and 71.5 days and their periods of anthesis are distinct. The heterozy- 
gous class is later and distinct from the Intermediate parental class 
except that the 6 latest individuals of the parental class and the 16 
earliest individuals of the heterozygous class bloomed during the 
same 4-day period. The F3 data show the F- segrogaticni in iV for 
only one gene as the distribution for blooming gave a dost* fit 10 a 
1:2:1 ratio for Intermediate, Intermediate-heterozygoiis, and Early 
genotypes. The X- is ,292 and the P is ,90. 

The late blooming of the heterozygous class, whi(‘h is tlie result of 
the lieterozygotes having about two more leaves than the InU*rniedi- 
ate parent, can be explained in a number of ways, only two of whicfii 
will be mentioned. The interaction of genes Ma and ma c‘t)uhl be 
different from that of the two dominant allelomorphs and, if iliis 
should be the case, it would have a bearing on theories of heterosis. 
However, there is a possibility that there may be a gene closely 
linked to the Ma gene. If such is the case, the Early {ma ma) parent 
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Table 2. — Frequency Msifibutimi of fiowering of_F-i popuialion for 

■ urnd mu based on classifica-Hon of Fr^ rows; S. A. ^45^, Dwuf lY/Ua’ onio, 
iMermeMaie)XSoofm rnilo (Earl)^-, F- grown ai €kUiitnth\ 1 oxns, 
from a pkmiing on June ig, £043. 


Fo genotypic distribiition 


DiiVvS tron.1 
planting to 
aniheais 

Intermediate 

Intemiediate- 

Earlv 

Totiil F., 


Ma Ma 

. 

heteroaygems 

ma ma 



, Ma ma 

' 



44 ^ 


— 

— 

— 

46 



I 

I 

4 S 



7 

7 

5 ‘-> 

— 

— 

2 'S 

23 

52 

— 

„ 

,12 

12 ' 

54 

— 

— 

2 

2 

56 


— 

— 


58 

60 




I 

I 

62 

64 

4 




4 

66 

1 


— 

1 

68 

i 4 

' 


1 4 

70 1 

i 12 I 


1 

12 

72 1 

1 7 \ 

1 


; /' 

74 ^ 

\ i '3 

i 


i , ^3 

76 - I 

8 

i 

1 , 

' 9 

78 

1.3 i 

! 10 

; 

13 

80 1 

1 

8 

— 

8, 

82; 1 

■ i 


; ■ ■ — 

15 

84 

1 ■ , ■ ■ ■■ — i 

26 


' ' 26 

86 * 

1 . ■ ' 

4 

— j 

■ ^ 4 

88 

„ ' — . ' ■ ■ : 

■ . 22 I 

i ' , j 


90 

: 

5 i 

1 ' j 

' 5 

92 

■ , 7 — ■■ ■ ■ 

3 ! 

! ' — ! 

3 

94 

— 

• — I 



Obserred ■ 

4.7 ' 

99 

\ 4 *^ 

■1:92 

Calculated 1:2:1 . .1 

! *T/ 

48 

96 

.094 . : 

1 48 ; 

1 .083 1 

192 
, ■ .198 

Xh 1 

.021 



*Date of bloom of Fi plant. 

would carry the dominant allei but this could not express itself in the 
absence of dominant Ma. In the lieterogygote (ilfa ma) the new gene 
linked with recessive ma would express itself , . making the heterozy- 
gous plant later than the Intermediate parent. Assuming this to be 
the true state of affairs, a cross-over in Fp would result in an Fa plant 
that would produce gametes with both dominants. Suidi a plant 
■would produce an^'Fg row segregating for lulcrmediate iiiaturity and 
a maturity about 10 days later. No siich row^ has lieen obsm'ved ain<">ng 
about 450 iws from three different populations. The c'videiKt* ap- 
pears to point to an .interaction between Ma and ;;ki that delays 
floral initiation as being the most likely explanaticm. 

INHERITANCE OF Ma AND Ma^ 

The mode of inheritance of Maa is shown by the Fa and Fa data 
of S. A. 5283, Sooner milo (Early) XDwarf Yellow milo (Inter- 
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mediate). The Fi plant and those : populations were grown at Lub- 
bock in 1941, 1942, and 1943. Genetically the eross is mm Matma^X 
Ma man ma^ and the Fi hybrid is Ma ma Ma2 ma^ ma^ The F2 
distribution for anthesis is given in Table 3 and shows that due to 
recombination there is a class later than the Intermediate parent. 
The F2 phenotypic distribution is a close fit to a 9:3 14 ratio. The 159 
F2 heads were grown into the F3 and each plant was tagged for day 
of anthesis. The F2 genotypic segregation is available, therefore, and 
is also^ presented in Table 3. As shown by a of 1.450 and a P of .90 
thereds a close fit to^ the i '.2 :2 14 :i :2 14 ratio expected from a segrega- 
tion for two genes with epistasis of recessive ma over dominant Ma^. 
It is apparent that the presence of dominant Ma is necessary before 
Man can express itself. The late-maturing class that appeared due 
to a new combination of Ma and Man is one of the Ultra-late geno- 
types and is genetically MaMa^ ma-^. A delay in maturity as a result 
of the heterozygous condition of the Ma gene is not very 'apparent in 
the data in Table 3 but was quite evident in the F3 data. 


INHERITANCE OF Ma, Ma2, AND Mas 

The discovery of a third gene affecting maturity in milo was not 
anticipated and since its discovery there has not been time to again 
cross the appropriate varieties and to grow the three generations 
necessary to have comparable data on inheritance to present. The 
presence of the third gene might well have gone undetected or the 
difference caused by it attributed to modifying genes had not a 
genotype that bloomed in the interval between Intermediate and 
Ultra-late genotypes always had a white pericarp. Following the 
recognition of this Late genotype and the indicated linkage between 
the third gene and the gene R that causes presence or absence of a 
plant pigment, an additional linkage was discovered between Ma and 
dwn, one of the genes that influences the lengthening of the intemode. 
This second linkage contributed to the determination of the mode 
of inheritance when all three genes are involved because the heterozy- 
gous nature of the plants of the constitution Ma ma could be detected 
by the height of the plants. Since the heterozygous condition of the 
first gene {Ma ma) brings about a delay in blooming which places a 
heterozgyous individual in a maturity class roughly similar to the 
next latest maturing homozygous class, the mode of inheritance 
would hardly have been recognized in the absence of the linkage 
between Ma and dw2- 

Several F2 populations of about 50 each segregating for all three 
genes have been grown into the F3 but only one population of 57 
plants also involved the linkage of maturity with height. It happens 
that this population contained 22 Early plants but only 9 plants 
without pigment, whereas the figures in both cases should have been 
14 since both should have been 25% of the population. These depar- 
tures are statistically beyond expectation due to chance and make the 
F2 population itself of questionable value, particularly so when the 
other populations were normal with respect to numbers in both the 
Early maturity and recessive white classes. 
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The F 3 rows which w^ere growm in 1944 at Chillicothe contained 
about 50 plants as a usual thing which is sufficient to allow each 
homozygous type to appear in case three genes were segregating. 
Howwer, on account of the two linkages, it was possible to identify 
the genotype of 25 rows exclusive of the 22 Early rows and to in 
which there were no plants. The segregation -within these 25 rows 
showed that they were of 13 different genotypes. Since the total 
number of genotypes, exclusive of Early ones, that could result from 
the segregation of two genes is six, it is apparent that three genes 
were segregating. Assuming three genes, the number of different 
genotypes exclusive of Early ones would be 18, and 13 of these were 
represented among the 2 5 rows as mentioned previously. 

The data from these F3 rows indicate that the Fi plant, Early 
White milo X Double Dwarf A^ellow milo (ignoring the gene dw ivhich 
is inherited independently), is genetically Ma ma Ma^ mai Mas ma^. 

dwi Dwo r R 

The data also indicate that this third gene, Mas, like Mao, does not 
express itself except in the presence of dominant Ma, and also that 
Mas does not delay maturity if Ma^ is also present in the dominant 
condition. These circumstances apparently bring about frequencies 
of genotypes and phenotypes as shown in Table 4. It will be noticed 
that all of the genotypes heterozygous for the first gene are shown 
as having a phenotype different from their corresponding homozygous 
genotypes. The Intermediate-heterozygous and Late-heteroz^^gous 
have always been observed to be later than Intermediate and Late 
genotypes, respectively. However, llltra-late-heterozygous genotypes 
have not always appeared to be different from their corresponding 
homozygous genotypes and so the class limits for time of bloom for 
all Ultra-late classes, whether homozygous or heterozygous, are 
shown as being the same. When more data are available it seems 
likely that the Ultra-late homozygous and heterozygous genotypes 
will be found to be different. When the classes for time of blooming 
are assembled there is a 42:5:1:16 phenotypic ratio for Ultradate 
plus Latedieterozygous, Late plus Intermediate-heterozygous, Inter- 
mediate, and Early genotypes. The 13 genotypes that contained 
dominant Ma that appeared among the 25 row^s are marked ■\Yith an 
asterisk in Table 4. It is presumed that most or all of the genotypes 
recessive for ma appeared also. 

LINKAGE RELATIONSHIPS 

Not enough data are available to arrive at a reliable cross-over- 
percentage between the genes Ma and dw^ or between Mag and r. 
However, among the 47 plants of the population S. A. 5155 whose 
genotype for Ma and Dw^ could be identified by their F3 rows, there 
were eight cross-overs. These figures would indicate that crossing- 
over between Ma and dw2 is in the neighborhood of 8%. 

Cross-overs between the third gene and R among the 25 plants of 
the same population of 47, each of which had at least one gene 
dominant for Ma, amount to two. These figures would indicate a 
crossing-over between Mas and r in the neighborhood of 4%. 


-A tabulation of the genotypes and phenotypes that are obtamed in an F 2 population segregating for three maturity genes exclusive of 

cross-over classes. 
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iiidividiials of these 13 classes appeared among the 25 plants of B.A, SiSS that were dominant for Ma and prodiiced viable seed. It is presumed that the various 
ge-notypes recessive for ma api^eared among the 22 Early plants, but there is no way to distinguish between the nine genotyi*es. 
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THREE TYPES OF INTERNODAL DISPOSITION 

Ayyangar, ai. (5) made a general ciassification of sorghum varie- 
ties into early, medium, and late and concluded that varieties in the 
early classiiication have culms whose internodes become progressively 
longer from, the ground to the peduncle. Plants of this kind were called 
‘'ever increasing”. Varieties in the 'medium group were called “uni- 
modal” as they have one short internode between others that are 
longer below and above. Late varieties were called “bimodal” since 
the^^ have a double rise and fall in internode length ending with a final 
rise towmrd the peduncle. 

The milo strains fit this classification as the Early strains have 
internodes that from the ground up increase in length; the Inter- 
mediate strain has one shortening of internodes close to the top, fol- 
lowed by a few longer internodes; and the Late and Ultra-late strains 
have two areas of construction, one close to the ground and the other 
close to the top. Under lo-hour photoperiods all strains have inter- 
node lengths that increase progressively from the ground to the 
peduncle. 

NATURE OP GENES Ma, AND MUs 

Summer-grown crops of the various milo phenotypes are distinctly 
different in time of anthesis but these same phenotypes and Fi plants 
resulting from crosses between them are all extremely early and quite 
similar in maturity if growm in the greenhouse during the winter 
season of short photoperiods. 

An F2 population of a cross between Sooner milo (Early, ma 
mamta^'X'D'WBxi White milo (Interniediate, Ma ma^ma^) and the two 
parents w^ere grown under both lo-hour and normal photoperiods 
at Chiilicothe in the summer of 1941. The plants wxwe tagged for 
time of anthesis and the data are recorded in Table 5, Under the 
lo-hour photoperiod, the two parents bloomed on the 46tli day; and 
the blooming of the P2 generation was distributed from 42 to 56 days 
with a mode on 44 days. Under natural conditions, with the photo- 
period about 14 hours, the Early parent bloomed on the 56tli day 
and the Intermediate parent on the 78th day. The blooming of the F2 
generation under normal day fell into two classes with the Early 25% 
of the population distributed between 50 and 62 days with a mode 
on 58 days; and 75% of the population, representing the Intermediate 
and Intermediate-heterozygous classes, distributed between 66 and 
88 days. A picture of these populations is shown in Fig. 2. It is ap- 
parent that a long photoperiod is necessary before the dominant 
condition of the M a gene can express itself, or it could be said that 
the gene Ma influences the response of the plant to photoperiod. 

In 1944, four milo genotypes, Early (ma mamiQ-z), Intermediate 
(Ma mamaz), Late (dVa maj^az), and Ultra-late (Ma Mamaz), 
were planted at Chiilicothe on June 20 and subjected to both nornual 
and lo-hour photoperiods. Under normal photoperiod, the different 
genotypes initiated their heads at different times and had distinctly 
different distributions of anthesis, but under lo-hour photoperiods 
each genotype had initiated its heads on the 19th day. As a coiise- 
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Table 5. Dtsf rib niton of flowering of F-z population heterozygous for Ma and ma 
under both 10- hour and 14-hour photoperiods; i486, Sooner milo (Early, 
ma)X Dwarf White milo {Intermediate, Ma) from a planting at ChilUcothe, ' 
Texas, made on July j, ig4i. 


Niiniber of da,3-"s from 
jDlantiiig to anthesis 

Distribution of flowering of Fs population under 

10- hour photoperiod 

14-hour photoperiod 

42 

4 

^ ^ 

44 

21 

: 

46* 

13 

' ' ' . 

48 

8 



50 

8 

I 

52 

I 

I 

54 

7 

I 

56t 

5 

5 

58 

— 

6 

60 

— 

I 

62 



2 

64 

— 



66 


3 

68 


3 

70 

— 

I 

72 

— 

2 

74 

— 

1 

76 

— 

/ 


— 

13 

80 

— 

9 

82 

— 

5 

84 

__ 

4 

86 

— 

3 

88 

— 

I 

90 

— 


Total 

67 

69' 


■■^Flowering time of both parents under lo-hour photoperiod. 
fFlowering time of Early parent under 14-hour photoperiod. 
’iFlowering time of Intermediate parent under 14-hour photoperiod. 


quence, the leaf numbers and blooming distributions of all genot^^pes 
under the lo-hour day were similar if not identical. A summary of the 
data' is presented in Table 6. 

It has already been shown that the gene Ma influences the response 
of the plant to photoperiod, but these additional data are not illumi- 
nating in regard to the nature of genes Ma^ and iif They do show, 
however, that Mao and Ma^ are not able to express themselves in 
the presence of the condition that produces early floral initiation 
whether that condition is brought about by the recessive condition 
of the Ma gene or by the administration of short photoperiods that 
causes the dominant Ma to react like recessive ma. It is presumed 
that the various genotypes resulting from the various combinations 
of the three genes, excluding the four genotypes that are recessive 
for ma, have cliff erent critical photoperiods. If this should be true, it 
would indicate that Mag and Mas also influence response to photo- 
period. 

The soybean, a short-day plant, has been shown by Borthwick 
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and Parker (7) to have varieties with different critical photoperiods 
ami “in general, the earlier the variety matures the longer photo- 
period on which floral initiation can occur”. A similar situation un- 
doubtedly exists in inilo and the Early genotype could be said to 
have the highest critical photoperiod and the Ultra-late genotype 
the lowest. 

It is w^ell known that temperature affects the pliotoperiodic expres- 
sion of plants. Day and night temperatures are, respectively, 3 and 6 
degrees low^'er at Lubbock than at Chillicothe during June and it is 
thought that these lower temperatures are responsible for the diiler- 
eiice in time of flowering of the several genotypes at the two locations. 
This difference in time of anthesis of several of the genotypes may 
be seen by consulting Tables i and 3. The Early genotype at Lubbock 
usually blooms between 60 and 70 days, but at Chillicothe the bloom- 
ing is betwreen '44 and 56 da^^^s. The Intermediate genotype at Lub- 
bock blooms between 72 and 82 days but between 64 and 72 days at 
Chillicothe. The Ultra-late genotype at Lubbock blooms between 90 
and 1 14 days but between 90 and 100 days at Chillicothe. In all cases 
there is a delay in blooming at Lubbock as compared with that at 
Chillicothe, and the smaller difference in time of blooming between 
Early and Intermediate genotypes at Lubbock makes the two geno- 
types more nearly similar in appearance at Lubbock tlian at Chilli- 
cothe. 


Table 6. — The effect of io~ and 14-hour photoperiods upon the time of floral initiation 
and anthesis and nmnber of leaves of four milo mahirity genotypes, data from a 
June 20, 1Q44, planting at Chillicothe, Texas'. 



Genotype 


Early 

ma 

Inter- 
mediate 
Ma ma^mav, 

■■ 

Late ■ 

Ma maiMan 

Ultra-late 
Ma Muifna^ 

Number of Days to Floral Initiation 


lO-hoLir photoperiod. . . 
14-hour photoperiod, . . 

19 

;■ 32 . 

19 

37 

;■ 19 

41 

■ 19 

70 


Number of Days to Anthesis 


lo-hour photoperiod. . . 
i4--hoiir photoperiod. . . 

43 . 6±-4 

48 . 6±.3 

44 - 2±-3 

68.6±.4 

46.4, ±.6 
. 82 . 6±.7 

46.74= .9 

1 02,44=. 4 


Number of Leaves 



lo-hour photoperiod. . . 
f 4-hour photoperiod. . . 

12 , 2 ±.l 

l6.4i:.I 

I 2 . 3 ±.I 

22.0dc:.I 

I2.2±.2 

23 - 5±-3 

12 , 64=.2 

3L5ri:.2 


According to the hormone theory, the initiation of floral parts 
awaits the accumulation of a floral hormone in sufBcient concentra- 
tion to allow a floral bud rather than a leaf to be differentiated. As- 
suming the soundness of this theory, these three genes in milo that 
bring about differences in naaturity actually hasten either the 
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S3^iitiiesis or the destruction of the floral hormone. Whether synthesis 
or destruction of the hormone is the action of these genes, the action 
is a typical one involving a change in rate. Since the process that is 
influenced by the action of the genes is a biochemical one, it is easy 
to comprehend how temperature could influence the rate of reaction. 

SIZE ASSOCIATED WITH TIME OP FLORAL INITIATION 

Under lo-liour photoperiods, which induce simultaneous floral 
initiation in all milo maturity genotypes, the several genotypes are 
obviously similar in size and are quite small. Under 14-hour photo- 
periods the various genotypes are quite dissimilar in size, the earliest 
in maturity being the smallest as showm in Figs, i and 3. 

The data in Table 7 show that the duration of the vegetative 
period is positive^ correlated with plant size, the best measure of 
which is total dry weight of plant. The figures show that a two-fold 
difference in size resulted due to the action of two genes since the 
Early strain {ma Ma^ntf^z) weighed 0.43 pound per plant while the 
Ultra-late strain {Ma Ma^maz) weighed 0.97 pound per plant. This 
difference in size is apparently the result of the time element alone 
and not to a difference in rate of growth, because there is no appreci- 
able difference in the time that corresponding successive leaves ap- 
pear on the four genotypes. The fact that larger leaves appear on the 
later maturing genotypes indicates only that the growing point con- 
tinues to grow in circumference- from- day to day and a leaf arising 
from a higher node would be expected to be larger than one arising 
from a lower node. The measurements given in Table 7 were made 
on the 13th, 19th, 20th, and 23rd leaves, respectively, for the Earl^L 
Intermediate, Late, and Ultra-late strains. These leaves which were, 
on the average, the largest on the' plants were the third from the top 
on the first three strains and the eighth from the top on the Ultra-late 
strain. Apparently high temperatures and an accompanying drought 
that occurred during August and between the 40th and 58th days 
following planting had an adverse affect on the circumference of the 


Table j,— ‘F igures showing the size of four milo maturity genotypes grown under 
normal photoperiods, data from a June 20, 1944^ planting at Chillicothe, Texas. 



Genotype 

Early - 
ma Mdimaz 

Inter- 
mediate 
Ma ma^^maz 

Late 

Ma ma^zMaz 

Ultra-late 
Ma Mazmaz 

Number of days to an- 
thesis. , . ; 

48.6 ±0,3 
.'.16.4 zfcO.I.' 
,^-85.8 „±i:.2: 

,, I. .42 ±0.62:- 
„ o.24±o..G2 ■ 

, "m.. 43 -:a:-G. 03 -.. , 

68.6 dbo.4 

22.0 ±0.1 

^ 7-7 ±1.3 

65.1 ±0.5 
2,30^=0,04 
0.364=0.02 
0.624=0.04 

.-82.6-. 4=0.7 .. 
■23.5 4=0.3 
121.6 4=3.4 
65.3 4=0.8 
2.224=0.05 
0.334=0.03 
0.644=0.04 

102.4 4=0.4 
31.5 4=0.2 
151.8 4=2.7 ’ 
78.1 4=0.5 
2.534=0.01 
0.274=0.02 
0.974=0.06 

Number of leaves . . . . . 

Height .of .plant, cm-.:. . . 

Length of leaf, cm 

, Diameter of. stalk, cm .... 
Weight of. head, ^Ibs;:. , 
'.Weight.of .plant, lbs. 





nodes continued to be laid down a1 abo.it 

1 lie eight ot .heads is a figure of particuHr intprp-f K ■ f 

pmoti..al taportance of grai.. prX?i» o ', ,a X“‘V.;' ' 

eaista miess a largeXX ' 'i'"" 

gtowth tian the available soil Xlure will i-o‘ i. 

happened with the Cltra-late strain at ChillieMhe*i“,‘ ou i'.' The’?-' a 

the cif5XnX”torSo°41hSXXl[^" 

fo^cd had the floral i£,iaS? ttXpSe™ leX “ Xr 

srproSi»sr&~^^ 
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were. 27, 36, and 54 bushels per acre, respectively. The differences in 
size, as shown by the data in Table 7, indicate what a profound change 
can result from the action of a few. genes that influence duration of 
vegetative growth. 

Some additional data are presented in Table . 7 so that the morpho- 
logical relationships of the various genotypes can be more easily 
understood. As would be expected, there is a positive correlation 
between leaf number and number of days to anthesis, height., stalk- 
diameter, and leaf size. The fact that identical leaves appear on the 
different genotypes at. identical times has already been mentioned 
and the corresponding leaves are apparently the same size. This 
indicates that the rate of growdh of the different genotypes is identi- 
cal and that the diff'erences in size bet^veen the four genotypes is a 
reflection of duration of growth. The four genotypes are similar to 
one another in appearance except that each genotype is a larger 
counterpart of the one immediatel}^ preceding it in earliness of 
maturity. 

DISCUSSION 

The three genes in rnilo that affect duration of growth also control 
adaptation. The constitution of a strain with respect to adaptation 
genes of this sort determines not only the latitude at W’^hich it wall 
mature but also at what altitude and in what rainfall belt it can be 
growm successfully as a grain crop. The correlation of small size with 
early maturity brings about an association of early maturity with 
consistent but low grain production. The highest yielding grain 
variety is not always the latest variety that can mature grain because 
moisture will usually become a limiting factor, but it is the latest 
variety that will mature wdthout growth being restricted by a lack 
of moisture. Sooner milo, genetically an Early strain, is most con- 
sistent in grain production because it seldom exhausts the moisture 
supply ; but it has a smaller average grain production in Texas than 
Dwarf Yellow milo, an Intermediate strain, which, on account of its 
greater growth, will produce greater yields except under conditions 
of extreme drought. 

The correlative influence of temperature and photoperiod brings 
about adaptation of strains with respect to latitude and altitude. In 
the southern part of Texas grain sorghum is grown in a climate 
bordering on sub-tropical. Planting can be done when photoperiods 
are less than 12 hours, but the temperatures are relatively low in 
terms of summer temperatures. This particular combination of short 
photoperiod and low temperature results in greater growth of varie- 
ties that are relatively insensitive to photoperiod but less growth of 
photoperiod-sensitive varieties than occurs when the same varieties 
are growm slightly farther north during the summer months. This 
climatic condition in south Texas , also results in relatively short 
periods that are favorable to planting of photoperiod-seiisitive 
varieties. 

Differences in altitude which produce differences in temperature 
affect the time of floral initiation. A temperature below the optimum 
for quick floral initiation results in larger and more productive plants. 
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On this account varieties not veiy sensitive to photoperiod, that ma- 
ture quickly and make little growth at Chillicothe, Texas, are quite 
large and productive in eastern Colorado where the elevation is close 
to 5,000 feet and night temperatures are relatively low. In this ease 
it is undoubtedly temperature that causes the later maturity and 
greater growth. . ^ , 

Since sorghum is a short-day species, an increase in latitude alone 
dela3'’'s floral initiation and increases amount of growth. On this 
account, strains relatively insensitive to photoperiod must be grown 
at high latitude even when temperatures are favorable for floral 
initiation, but these varieties under long photoperiods make growth 
comparable in size to that of the more photoperiod-sensitive varieties 
that are grown farther south. The general rule seems to, be that any 
climatic condition that tends to delay floral initiation will encourage 
the use of varieties less vSensitive to photoperiod. 

The claim has sometimes been made that mutations involve onlj' 
superficial characters, leaving the “fundamental” ones unaffected. 
The genes reported here are undoubtedly mutations of fundamental 
nature since they are systemic in action and have a profound 
effect upon duration of growth. There is always danger in assuming 
that the existence of a certain behavior in one plant species means 
that similar behavior exists in other species. However, since many 
of our crop plants have been or are being subjected to selection by 
man in environments difiurent with respect to photoperiod and 
temperature from their center of origin, there is reason to believe 
that .mutations of adaptation genes such as these in sorghums are 
what have been used to create varieties that differ from, the origi,!;ial 
in time of maturity and in size. Similar mutations with survival value 
in nature would become established as ecotypes. Varieties of sorghum 
of tropical origin are useless in temperate zones and mutations had 
to occur and be made use of before the species could become useful 
at latitudes where the species has found its greatest commercial use. 
There seems every reason to believe that mutations of adaptation 
genes that control either response to photoperiod and to temperature, 
or both, are responsible for the existence of varieties of many species 
that have widespread geographical distribution. 

SUMMARY 

A study of the inheritance of duration of growth in milo, a grain 
sorghum group, disclosed that four maturity phenotypes exist'lhat 
are the result of the action of three genes. Lateness is dominant to 
earlitiess, but the second and third genes, Ma^ and do not ex- 
press themselves except in the presence of dominant Ma. Also, the 
third gene, Maz, does not express itself in the presence of dominant 
Ma2, and on account of these conditions four phenotypes rc[)resent 
all eight genotypes. The four phenotypes for maturity have been 
designated as Early, Intermediate, Late, and Ultra-late. 

The gene Ma was found to be linked with a gene that iii- 
fltiences length of internode. The gene Maz was found to be linked 
with i?, a gene that controls presence or absence of a plant pigment. 
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The action of the gene Ma is influenced by photoperiod. When 
grown under lodiour photoperiods, the Early, Intermediate, Late, 
and Ultradate genot\^pes of the 14-hour photoperiod were identical 
in appearance. The genes Ma^ and Ma^ were not able to express 
themselves if the plants were grown under lo-hour photoperiods and 
not under 14-liour photoperiods unless the gene Ma was present in. 
the dominant condition. 

Three types of interiiodal disposition occuiTed among the four 
phenotypes for maturity. The Early strain had internodes that in- 
crease in length from the ground to the peduncle. The Intermediate 
strain had a short internode near the top of the plant with longer 
inteniodes above and below it. The Late and Ultra-late strains had 
two areas of constriction, one close to the ground and the other close 
to the top of the plant. 

This study of the inheritance of duration of growth in milo is 
actually concerned with the time of floral initiation. The time of floral 
initiation controlled the number of leaves, the duration of growth, 
and the ultimate size of plant. A difference in two genes that in- 
fluenced duration of growth wms sufficient to bring about a two-fold 
difference in plant size. 

The three genes found to affect maturity date in milo are typical 
adaptation genes and they determine the range in both latitude and 
altitude as •well as the rainfall belt in which a strain or variety can be 
grown successfully as a grain crop. 

This study leads to the belief that adaptation and normal growffh 
are under control of fe^ver genes than is generally supposed. Varietal 
adaptation is explained by these results as 'well as unequal response 
of a single variet}^ to different environments. An understanding of the 
inheritance of these genes and the manifestations produced by them 
is valuable in a program of crop improvement. 
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A MEW WAXY ALLEL IN CORN AND ITS EFFECT ON 
THE PROPERTIES OF THE ENDOSPERM STARCH^ 

B. Brim’hall, G. F. Sprague, and J. E. Sass‘^ 

W AXY corn was first reported by Collins (6)-'^ in 1909, Since that 
date seven waxy mutations have been reported. In view of the 
present interest and commerciah importance of waxy corn it seemed 
desirable to examine the effect of these mutations on properties of 
the endosperm starch.. 

The 'waxy iiuitatioiis reported by Bregger (4) and Mangelsdorf (7) 
were crossed with the original tvaxy allel and . found to produce waxy 
seeds in Fi, From this it was concluded that they represented recur- 
rent mutations. At the present time this cannot be considered ade- 
quate proof that a new allel was not involved. Unfortunately, these 
stocks were not maintained and further tests are impossible. 

Two additional waxAr mutations were discovered by Andres and 
Bascialli (i) in the Argentina varieties Colorado Fortin Refugio and 
Amarillo Fortin .Refugio. These were tentatively designated as wx 38a 
and wx 38b and shown not to be identical with the Chinese wx type. 
Andri^ (,2) reports that these two mutations are similar and has 
assigned to them the symbol wxa. In this report we are using the 
symbol wx^ for this same type in conformity with standard genetic 
nomenclat-ure. ' 

Bear (3) has reported, three additional waxy mutations in inbred 
lines of dent corn. Staining reaction and chemical analysis indicate 
that these three mutations are indistinguishable, 'from the wx allel 
reported by Collins. T.h.is report is concerned primarily with a study 
of tl.ie effects of the wx-^ allel on properties of the endosperm starch. 

. EXPER,IMBNTAL METHODS , 

SOURCE OF SAMPLES 

The grain used in these studies was obtained from three sources, Iowa 939, 
lowax Ah. I, and A.rgentine waxy. The origin of the lowax No. i was described 
in a previous publication (10). .Using these endosperm types two sets of crosses 


were, made as follows: 

,1. lowax No. I, sib -pollinated . .wx wx wx 

lowax No. I X Argentine waxy wx wx wx^ 

A,rgentine waxy x lowax No. i wx" wxa wx 

A.rgentine wa.x.3,^, sib-pollinated . ..... • • • • • wx^ wx® wxa 

, ; ,2. Iowa 939, sib-pollinated, ' Wx Wx Wx 


Contribution from the Plant Chemistry and Farm Crops Subsections and the 
Botany and Plant Pathology Section, Iowa ' Agricultural Experiment Station, 
Ames, Iowa, in coope.ration with the Division of Cereal Crops and Diseases, 
Bureau of Plant Iiidustrv, Soils, and Agricultural Engineering, Agricultural 
Research Administration, U. S. Dept, of Agriculture. Journal Paper No. J-1267: 
of the Iowa Agricultural Experiment Station. Project' 61,6. Supported in part by 
a grant from the Corn Industries Research Foundation. Received for publication 
May. 19, ''1945. ■■ 

^Research Associate, Plant Chemistry Subsection; Senior Agronomist, Divi- 
sion of Cereal Crops and' Diseases and Collaborator,' Agronomy Section, Farm 
Crops Subsection, Iowa Agr. Exp. Station; and Associate Professor, Botany and 
Plant Pathology Section, Iowa Agricultural Experiment Station, respectively. 

^Figures in parenthesis refer to "'Literature Cited”, p. 944. 
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Iowa 939 X Argentine waxy Wx Wx wx^ 

Argentine waxy X Iowa 939 wxa wx** Wx 

Argentine waxy, sib-poiliiiated. . wx» wx» wxa 


Eacli of these samples represented a composite comprising 10 oi- more ears. 


ISOLATION OF STARCH FROM SMALL SAMPLES 

The kernels were covered with distilled water and placed in an oven at a tem- 
perature of 50° C for 2 to 3 hours. Upon removal, the water was d'rairied off and 
the kernels hand dissected, i^fter the pericarp was peeled off, the germ was re- 
moved and the endosperm dried at 50® C for about 15 hours. This iipures tiiat the 
starch obtained will not be contaminated by blue staining granules from the germ. 
Port}^ to 50 grams of the dried endosperms were then ground in a tiiicro-Wiley 
and finally in a Marker mill to pass a 1 00-mesh sieve. 

The ground corn in 250-ml centrifuge tubes 'was then treated siict'essively with 
the following reagents: Tw^'o portions of 75% ethanol, for 2 hours; a 0.2% solution 
of sulfur dioxide, overnight at 50® C; 0.12 N sodium hydroxide solution, for 2 or 3 
hours. Upon centrifuging after the latter treatment, a la3’er^of glutinous inaterial 
formed on top of the centrifuged solids and could be w'ashed off. Centrifuging 
with distilled water was repeated until a glutinous layer no jonger formed, after 
which the starch was neutralized with HCl, washed, and dried. 

Potentiometric iodine titrations for amylose content were curried out as 
described previously (10), using 0.2-gram samples of defatted starclies. SchocA 
and Williams (9) have noted that removal of the small anioiint of fatty acids 
naturally associated wdth corn starch increased the apparent amylose content 
from 21 to 22% to 27 to 29%. Consequently, all titration values reported in this 
paper were obtained on defatted starch sampies. 

Viscosities were determined at 90^^ C, using the capillary method. Idie pastes 
were buffered at pH 6.0. 

EXPERIMENTAL RESULTS. 

The mutant wx^ occurred in a small-seeded Argentiint iiiiit xTiriidy;^ 
Dr. Andres states in official correspondence that, ‘'The niiiiatioii 
wxdSa is characterized by the production of opaqueness nnd waxiness 
of the seed, sometime after harvest and only when rlierc is a low 
humidity content (about 13 per cent). With the pair Wx wx already 
known, there forms a series of multiple allelomorphs, the order of 
dominance being Wx, wx 38a, wx.'' The relationship between mois- 
ture content and development of the opaque waxy appearance is also 
characteristic of the wx allel. We have been unable to distinguish 
between these tw^o allels on this basis with any high degree of ac- 
curacy. However, the two recessive types are clearly distinguishable 
by other means. 

Starch isolated from endosperms of the genotype wx wx wx con- 
tain only amyiopectin, the branched molecule form which stains red 
or red-brown with iodine. Starch from the genotype rvxi^wxawxa is 
predominately amyiopectin but contains 2 to 3% of amylose, the 
straight chain molecule form which stains blue with iodine” 

The characteristic iodine reactions of common" waxy and noii-waxy 
starch can be obtained in microtome sections of the kernel (8). By 
immersing the slide in very dilute IKI solution, it is easy to distinguish 
between the deep blue color of straight chain starch and the yellow- 
brown o f ordinary waxy. The color imparted to Argentine waxy 

^Seed of wx^ was obtained through the^ Division of Plant Exploration and 
Inti'oduction, Bureau of Plant' Industry, Soils, and Agricultural Engineering. 
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Starch is a pale orchid-violet. If the concentration of iodine is too 
great, discrimination is impaired. The dense packing of starch grains 
in localized regions of the kernel also results in deceptive variations of 
color in difterpit regions of an overstained kernel. Immersion for 12 
hours in 0.1% iodine produces uniform coloration, showing that all 
granules in a cell, and all regions of the endosperm, contain the same 
type of starch. 

The color obtained in aqueous iodine mounts of milled starch is 
not as uniform as that obtained in sections of kernels. When milled 
starch is stained in iodine and cleared in lactophenol, the granules 
have a uniform, pale violet color. The aqueous iodine preparation is 
useful for diagnostic purposes, but the cleared microtome sections and 
the lactophenol preparations of extracted starch afford good evidence 
of uniformity throughout the endosperm, ■ 

The starch distribution pattern in the kernel is known to be well 
established by the twentieth day after pollination, therefore, only 
one collection of Argentine waxy kernels was made, 20 days after 
pollination. A prominent feature of the endosperm of Argentine waxy 
is the presence of a starch-packed zone at the stylar end (Fig. lA). 
This zone is off-center in many kernels (Fig. iC), and a median 
section may miss the zone entirely (Fig. iB). Serial sections of the 
kernel show that this region is actually a lobe or involution in the 
endospeimi, merging into, and basally continuous with the main body 
of the endosperm (Fig. lA, 2A,B). 

Cell size and nuclear size are of the same order in the lobe and in 
the adjricciit tissues, and the same type of starch has been demon- 
strated throughout the endosperm. Both regions are bordered on the 
distal and radial edges by an aleurone layer one to four cells in thick- 
ness, and the interface between the regions obviously consists of 
infolded aleurone, which merges gradually into the irregular central 
endosperm (Fig, 2E,F). On the stylar side, the lobe stands out promi- 
nently because of its high starch content (Pig. 2C). The contrast 
on the posterior side is less striking, and the border zone may consist 
of parenchymatous, rather than aleurone-like cells (Fig. 2 I 3 -F), In 
addition to the prominent distal lobe, several smaller and less promi- 
nent involutions may be present on the perimeter of the endospemi 
(Fig. iC). 

In an F2 population derived from the cross wxXwx^^, the kernels 
can be separated roughly into a 1:2:1 ratio. Such separations have 
not been checked by F3 progeny tests and no great accuracy is 
claimed. Chemical tests are much more precise in characterizing the 
combinations of these two allels than differential staining. 

In previous reports (5,10) it -was shown that viscosity measure- 
ments and amylosc percentages provide excellent means of detecting 
differences 111 “degree of waxiness” among starches. These criteria 
were used to evaluate the differences in starch properties in the two 
sets of crosses, wx^Xwx and w^x^XWx. 

The data for combinations involving the wx and wx-i allels are 
presented in Table i. 
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Fig. I. — Sections of kernels of Argentine waxy maize, 20 days after pollination, 
12 X. A, median longitudinal section showing minor involutions in endosperm; 
B, longitudinal section through lateral edge of plumule, showing apparent 
‘dslanci” at stylar end; C, transverse .section near upper end of scuteUurn, show- 
ing several infolutions. 

The percentage of amylose is related directly to endosperm geno- 
type and indicates a simple geometric type of gene action. The clifYer- 
ences are not great, but they are definite and well diiterentiated, as 
shown by the titration curves in Fig. 3. Viscosit}?^ is also related direct- 
ly to genotype and inversely correlated with amylose percentage. 
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rc. 2.-— Detail of endosperm at distal end of kernel. A, B, serial longitudinal 
sections 70 u apart, showing merging of apparent “island” with adjacent 
endosperm (40X); C, D, sections of two kernels; in each case the dense zone 
IS on the stylar side (80 X); E, abrupt termination of involution; P, gradual 
merging of involuted aleurone into parenchyma. 
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Table i,—TIw relation between endosperm genotype, amyiose per cent age, and 
viscosity of the endosperm starch. 


Genotype 
of endOvSpenn 


Arn.ylose 

percentage 


V'iR'osity 

(2G paste) 


wxa wx« wx .1.30 I 42 

'Wx^ wx^ wxa- 240 , I 3 i __ , _____ 

There is no clear indication of dominance and gene action appears to 
be additive. 

Viscosity and amylose percentage were also deterniiiied for direct 
and reciprocal crosses involving the AVx and wx«i allels. The data are 
presented in Table 2. 

Table 2. — The relation between endosperm genotype, amylose perceniage, an 
viscosity of the endosperm starch. 


Genotype 
of endospern'i 

Wx Wx Wx 
Wx Wx wx^ 
wx« wx«^ Wx 

WX<‘ \VX« WX“ 


Amylose 

].)ercentage 


VivSeosity' seconds 
(2^7 paste) 


The viscosity of the vStarch pastes increases with the iutiril)cr of 
wxa allels present. This is an agreement with previous data (10) 
involving a comparable study of Wx and wx allels. Tbj^ iharacter of 
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Fig, 3.— Potentiometric titration curves for 0.02% solutions of starches, i, 
wx wx wx: 2, wx wx wx»: 3, wx» wx* wx: 4, wx* wx* wx*: 5, waxy barley. 
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the paste derived from the Wx wx^ 'wxa genotype is visibly different 
than that from Wx Wx Wx, being less opaque and containing niariy 
small bubbles characteristic of waxy pastes. On the basis of viscosity 
measurements gene action appears to be- predominantly additive. 
Aniylose percentages, however, indicate a' rather high order of domi- 
nance of the Wx allel. These results are in general agreement with the 
results previously reported ( I o). 

DISCUSSION 

On the basis of loss of ability to synthesize amylose, ' this series 
of multiple allels caii^be arranged in the order Wx, wxa, and wx. In 
this one respect Wx is dominant to both wxa and wx. However, on 
the basis of viscosity measurements there is no clear indication of 
dominance. Considering only the wxa and wx allels, the variation in 
amylose percentage suggests a geometric and viscosity measure- 
ments an additive type of gene action. Genes which condition several 
effects, as measured by the end product, are said to be plei tropic. 
Dominance relations may vary among the series of allels depending 
on which of the manifold effects is chosen as the basis for classification. 

In the present case it appears that an assumption of pleitropism 
ma"3" not be warranted. The three allels Wx, wxa, and wx effect the 
general composition and properties of the starch produced. Iodine- 
staining reaction, amylose percentage, and viscosity measurements 
are merely -differeiit procedures for characterizing starch properties. 
The apparent pleiotropism may be due entirely to the fact that none 
of these methods of characterizing starch provides a complete delinea- 
tion. Viscosity is a logarithmic , function of starch concentration, 
while iodine titration is a linear function. Thus, very small differ- 
ences in amylose , content between Wx Wx wxa and wx-a wxa Wx 
might not be detected by iodine titration but would show up in 
viscosity detemiinations. 

The waxy cereals studied fall into two general groups. The first 
group characterized by starch lacking amylose, includes rice, sor- 
ghum, and corn (wx wx wx). The second group, characterized by 
starch possessing a low percentage of amylose, includes barley and 
corn (wxa wxa wxa). Tile difference in iodine-staining reaction be- 
tween waxy barley and other waxy cereals has been noted (lo), but 
a potciitiometric iodine titration carried out at that time failed to 
detect the presence of amylose. This was undoubtedly due to the 
interference of fatty acids (0.33%) in the barley starch. -When this 
determination was repeated on a defatted sample, 3.5% of amylose 
was found (Fig. 3). 

SUMMARY 

1. Analytical data are presented on a waxy mutant (wxa) which 
conditions" the development of a small percentage of amylose in the 

endospeiin starch. 

2. Iodine tests on microtome sections of the kernel show that the 
starch reaction is uniform throughout the endosperm. The color im- 
parted to the starch is an orchid-violet, distinct from ordinary waxy 
and from common corn starch. 
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3. A prominent starch-packed -zone commonly oe«;iirs in the stylar 
region of the kernel. This zone is: delimited by an involnlinrj of the 
aleiirone. Minor iiwolutions may occur lower in the endfispor!'!!. 

4. In combinations' involving the -wx- and \vx allels, \'iseosily 
measurements indicate .aritliirietic gene action and pcrcerYiagL !)f 
amylose geometric gene action. 

5. Gene action in combinations of the Wx and \vx- or \Vx and wx 

allels is arithmetic on the basis of viscosity measurements. In the 
same combinations amylose percentages indicate a rather higli degree 
of dominance of the Wx allel. * ■ ■ 

6. The waxjr cereals studied. 'may be divided into two general 
groups; one having no amylose and the second a small piTceniage of 
amylose. 
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EFFECT OF CERTAIM CULTURAL PRACTICES OM 
MOISTURE CONSERVATION ON A PIEDMONT SOIL^ 

Edwin James- 

S INCE Wolliiy’s work (26)^in 1878, research on soil moisture has 
been almost continuous. Investigations (i, 4, 9, 10, ii, 12, 14, 15, 
19, 20, 21, 25, 26) have demonstrated the limitations k capillary 
movement of moisture in soils. It has also been shown (2, 5, 6, 7, 8, 
13, 17, 23, 24) that under field conditions the soil mulch is relatively 
ineftective in the conservation of soil moisture. On the other hand, 
it has been noted (7,8, 18) that mulches of organic materials are very 
efficient. In spite of the evidence, to the contrary, the impression still 
exists tliat^tlie failure of tillage operations to conserve moisture in a 
given locality has no^ application to another area where soil conditions 
are considerably different. 

A search of the available literature has revealed no work regarding 
the effect of tillage operations on the moisture content of southern 
soils, and this led to the investigation reported herein. 

EXPERIMENTAL PROCEDURE 

The area selected for the stud}^ is typical of the Piedmont section of Georgia. 
The soil is a heavy phase of Cecil clay loam consisting of a friable brownish-red to 
red clay loam to heavy clay loam 6 to 8 inches deep, passing abruptly into a sub- 
soil of stiff, brittle red clay that continues without much change to a depth of 
well below 3 feet. The area has a slope of about 5 to 6%. To isolate the areas 
under investigation, two trenches were dug, slightly over 20 feet long, 3 feet deep, 
and 18 inches apart. The trenches were then connected at 4-feet intervals with 
cross cuts tliereb}" setting up in situ four blocks of soil 4X3 XiK feet in dimen- 
sions. Only three of the blocks were involved in the study. The other was planted 
to corn to observe the longevity of corn wken no more moisture was added for 
the rest of the season after the initial saturation. 

Piaster pans resistance blocks as developed by Bouyoucos (3) were imbedded 
diagonally in the face of the sections at depth intervals of 6 inches to a depth of 
3(S inches. Each section was then wrapped separately with a layer of heavy asphalt 
roofing material to prevent lateral movement of moisture, and the ditches re- 
filled. Opposite each resistance block, holes were drilled wdth a soil auger to obtain 
temperature readings. 

The entire area was finally covered with a glass roof about 3 to 4 feet above the 
soil level and extending far enough over the sides and ends to prevent any rain 
from falling on the soil. 

The roof sloped to the north, thus allowing full insolation under the glass most 
of the day, and only slightly reduced insolation through the glass for the re- 
mainder. The open sides of the glass roof also permitted nomial air movement 
over the surface. 

Following the preparation of the area, water was run into each division for 
several succeeding days until each section was thoroughly saturated. For treat- 
.ment No. i , one section was kept free of all vegetation by hand w^eeding and kept 
bare for the balance of the investigation. A 2-inch dust mulch was worked up for 
treatment II and a 2-incli straw mulch applied for treatment III, Area 4 was 
planted to corn and provided with a 2 -inch soil mulch. 

When drainage was apparently complete, resistance readings were taken and 
repeated thereafter 14 times at approximately weekly intervals. The first readings 
were made on M^ay 6, ,1942, and the final ones on September 9, 1942. 

^Contribution from the Department of Agronomy, University of Georgia, 
Athens, Ga. Received for publication May . 7, 1945. 

^Associate Professor of Agronomy. : ' 

^Figures in parenthesis refer to ‘Literature Cited”, p. 951. 
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3. A prominent starch-packed zone cominonly ocriirs in the si ylar 
region of the kernel. This zone is. delimited by an involiitiiiii of'the 
aleiirone. Minor involutions may occur lower in the eiit 1 nst‘)erni. 

4. In combinations involving the -wx'i and wx alhkc vi.seosity 
measurements indicate arithrn.etic gene action air'l percentage of 
amylose geometric gene action.. 

5. Gene action in combinations of the Wx and wx^ or \\hx and wx 

ailels is arithmetic on the- basis of viscosity iiicasurenients. In the 
same combinations amylose percentages hidicate a rather high degree 
of dominance of the Wx- allel. ■ , ' * 

■ 6. The waxy cereals studied may be -divided into two general 
groups; one having no amylose and the second a small perceiiiage of 
amjdose. 
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EFFECT OF CERTAIN CULTURAL PRACTICES ON 
MOISTURE CONSERVATION ON A PIEDMONT SOIL^ 

Edwin James^ 

S INCE ■\Vc)iliiy s work (26)^ in 1878, research on soil moisture has 
been almost continuous. Investigations (i, 4, 9, 10, ii, 12, 14, 15, 
K), 20, 2r, 25, 26) have demonstrated the limitations of capillary 
movement of moisture in soils. It has also been shown (2, 5, 6, 7, 8, 
13, ] 7, 23, 24) that under field conditions the soil mulch is relatively 
ineffective in the conservation of soil moisture. On the other hand, 
it has been noted (7,8,18) that mulches of organic materials are very 
efficient. In spite of the evidence to the contrary, the impression still 
exists that the failure of tillage operations to conserve moisture in a 
given locality has no application to another area where soil conditions 
are considerably different. 

A search of the available literature has revealed no wnrk regarding 
the effect of tillage operations on the moisture content of southern 
soils, and this led to the investigation reported herein. 

EXPERIMENTAL PROCEDURE 

The area selected for the study is typical of the Piedmont section of Georgia. 
The soil is a heavy phase of Cecil clay loam consisting of a friable brownish-red to 
red da>’ loam to heavy clay loam 6 to 8 inches deep, passing abruptly into a sub- 
soil of stiff, brittle red clay that continues without much change to a depth of 
well below 3 feet. The area has a slope of about 5 to 6%. To isolate the areas 
under investigation, two trenches were dug, slightly over 20 feet long, 3 feet deep, 
and 1 8 inches apart. The trenches were then connected at 4-feet intervals with 
cross cuts thereby setting up in situ four blocks of soil 4X3 XiK feet in dimen- 
sions. Only three of the blocks were involved in the study. The other 'was planted 
to corn to ohjserve the longevity of corn when no more moisture was added for 
the rest of the season after the initial saturation. 

Plaster pans resistance blocks as developed by Boujmucos (3) were imbedded 
diagonally in the face of the sections at depth intervals of 6 inches to a depth of 
36 inches. Each section was then wrapped separately with a layer of heavy asphalt 
roofing ma.terial to prevent lateral movement of moisture, and the ditches re- 
filled. Opposite each resistance block, holes were drilled with a soil auger to obtain 
temperature readings. 

The entire area was finally covered with a glass roof about 3 to 4 feet above the 
soil level and extending far enough over the sides and ends to prevent any rain 
from falling on the soil. 

The roof sloped to the north, thus allowing full insolation under the glass most 
of the day, and only slightly reduced insolation through the glass for the re- 
mainder. The open sides of the glass roof also permitted normal air movement 

over the surface. 

Following the preparation of the area, water was run into each division for 
several succeeding days until each section was thoroughly saturated. For treat- 
ment No. I , one section was kept free of all vegetation by hand weeding and kept 
bare for the balant'e of the investigation. A 2-inch dust mulch was worked up for 
treaf-ment II and a 2-inch straw mulch applied for treatment III. Area 4 w^as 
planted t.o corn and provided with a 2-itich soil mulch. 

Wlien drainage was apparently complete, resistance readings were taken and 
repeated thereafter 14 times at approximately weekly intervals. The first readings 
were made on Ivlay 6, 1942, and the final ones on vSeptember 9, 1942. 

^Contribution from the Department of Agronomy, University of Georgia, 
Athens, Ga. Received for publication May 7, 1945. . 

. - ‘^Associate Professor of : Agronom}^ . 

’^Figures in parenthesis refer to '‘Literature Cited”, p. 951. 
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RESULTS AND DISCUSSIONS 

The moisture percentages- derived .from the resistance readings 
are given in Table i, and graphically in Figs. 1, 2, and 3. Inasmuch 
as there was no dissimilarity between the percentages at the 6 and 12, 
18 and 24, and 30 and 36 inch levels, the curves for the 12, 24, and 
30 inch levels are omitted*; ■ ' ' 

It will be noted that the moisture content under the straw riiiildi 
remained constant at the 6 and 18 inch levels, but dropped from 
26.8% to a final percentage of 22.5 at 36 inches. Much of this can be 
attributed to drainage. Free water was found at the 30 and 36 inch 
levels 3 weeks following the -first ■ determination. A considerable 
amount of time, would be required for the soil at these depths to 
reach field capacity. After 66 days the moisture content at 36 inches 
became practical!}? constant. Moisture equivalents were not deter-" 
mined for samples taken from the different levels. In the laborator\?, 
moisture retention in lo-inch tubes was found to be 14.77, 17.96, 
18.25, 28.36, and 28,53 for the 6, 12, 18, 24, 30, and 36 inch levels, 
respectively. Field capacity would be somewhat under these figures., 
probably best represented by the moisture content under the straw 
mulch. ■ 

At the 6-incli depth the loss under treatments I and II are practi- 
call3mdeiitical with a maximum difference of 0.7% on the 32nd day. 
The total loss for the period of the investigation was 4.0%, for treat- 
ment I and 3.9% for treatment IL ■ 
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Straw aulch 
Dust ffiuloh 
Bare soil 


DiCfS OF DETERMI NATIONS 

•Moisture clianges at a depth of i8 inches as affected by 
different treatments. 


Stwsr iBulch 
Dust KMloh 
Bare soil 


1 , 10 a? 24 JZ JS 45 53 . 60 M' 73' '02 - .. 94.- 

DAYS OF DETERIOIKATIONS 

Fig, 3. — Moisture changes at a depth of 36 inches as affected 
different ti*eatments. 

Accepting tbe assumption that the final reading of the soil under 
straw at the iS-iiich level was at field capacity, treatments I and II 
lost 5.1 and 3.0% moisture, respectively, through surface loss. Al- 
though the data presented do not lend themselves to statistical inter- 
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Although some investigations (i6, 22) show that some loss of 
moisture can be accounted for by vaporization, tile differences in 
soil temperatures under the various treatments appear hardly large 
enough to account for the final differences in moisture content. The 
differences in temperatures are shown in Table 2 and the means in 
Fig. 4- The greatest difference in the mean temperatures was 1.7° C 
at the 6-inch level. The insulating effect of the straw diminished 
directly with the depth. 


Umnilohefi 
Bust mulch 
r I straw mlQh 


DEPTH IN INCHES 

Pig. 4. — Mean soil temperatures as affected by depth and treatment. 

In view of the fact that the low moisture content in some southern 
soils can partially account for low yields of crops, as mentioned 
previously but not included in the above study, corn was planted in 
one section. 

The time of permanent wilting should have been an indication of 
the necessary frequency of rains to produce, a satisfactory crop. Two 
plants were permitted to grow on this section and their progress was 
satisfactory up to 32 days. After this period, a visible retardation 
could be noted. Wilting was first observed on the 60th day and both 
plants were dead when the reading was taken on the 73rd day.. The 
.moisture content when, wilting w^as first observed was 9.9, 11.7, 17.3, 

1 7. 1, 26.6, and 24.9% at the levels 6 inches to 36 inches, respectively. 
When permanent wilting took place the, moisture contents were 9.7, 

10. 1, 15.9, 16,9, 26.0, and 23.6%, respectively. It would appear that 
the moisture at the lower levels was not available with sufficient 
rapidity to the corn, further demonstrating the fact that capillary 
movement is not rapid enough to meet the needs of a growing crop 
when the surface moisture is exhausted. 


SUMMARY AND CONCLUSIONS 

Moisture readings w^ere determined in a Cecil clay soil with a bare 
surface, a 2 -inch mulch, and a 2 -inch straw mulch at 6-inch intervf > 
to a depth of 36 inches in blocks 4X1^2 X 3 feet, isolated from t 
surrounding soil and protected from precipitation for the duratio'. 
of the experiment after initial saturation. 
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At the 6-iiieh level the moisture content of. the soil under the straw 
mulch remained practical^ constant while that of the bare soil' 
and that tinder the dust mulch decreased vapidly to the wilting point 
or below at almost identical rates. At the. .1 8-inch' level a somewhat 
slower decrease was noted for all treatments during the first 8 weeks 
of the test followed by: a rapid loss from the bare soil, a slow loss from 
the soil under the straw, and an intermediate loss from the soil under 
the dust mulch. At the 36-inch depth the. results were similar to 
the :i8-iiich clepth,^ except that the drop in the moisture under all 
treatments began in the fourth week and continued downward to 
final percentages of 17.3, 20.2, and 22.5 for the bare soil, dust-mulched 
soil, and straw-mulched soil, respectively. 

Only slight temperature differences were noted between the bare 
soil and that with the dust mulch, whereas the straw mulch ac- 
counted for a maximum difference from the bare soil of 1.7° C. 

Saitisfactory growth of young com plants was observed up to 32 
days. The corn died when the moisture content in the first 6 inches 
reached 9.7% and 23.6% at 36 inches, indicating that moisture at a 
depth of 36 inches in this soil type is not sufficiently available to 
supply fully the needs of young corn plants. 
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FIBER COMTEMT M RELATION TO LENGTH AND AGE " " 

OF SAMSEVIERIA THUNB. LEAVES^ 

Julian C. Crane and Raul E. Alonso^ 

T he possibility of using several species belonging to the genus ’ 
Sa-nsevieria, commonly termed Imgua de vaca (cow tongue) in 
Latin America, as a source of hard fiber suitable for cordage and bag 
mamifacture has been recognized for many years. The fiber, ' often 
referred to as bow-string hemp, has never attained commercial im- 
portance, however, due to the lack of technical knowledge regarding 
the cultural requirements of the plant as well as the problem of fiber 
extraction from the leaves. During a short period in the early part 
of this century, three or four small defibering mills were established 
in various locations in Africa where there were comparatively' large 
areas of S. Ehrenbergii Schweinf growing in the wild state. This in- 
dustry ianguished according to Wigglesworth (9),'^ however, because 
of the unsuitability of the fiber as a competitor to sisal and of the fact 
that the plant, after being cut, produced new leaves very slowly. 

The 62 species of the genus Sansevieria mentioned in the literature 
are extraordinarily varied in growth habit and appearance. Some 
are miniature plants with thick, fleshy leaves a few inches long as 
contrasted to those 'which have flat, thin leaves 4 to 6 feet long. 
Other species are characterized by their single cylindrical leaves in 
contrast to those which have semi-cylindrical leaves arranged fanlike. 
There are also aborescent species with leaves arising from a thick 
stem. 

As might be expected, the numerous species native of Africa, 
according to Greenway (5), are markedly restricted in their habitat. 
Some grow only in association in extremely desolate country with an 
.annual rainfall of 10 to 20 inches, while others are found in the tropi- 
cal rainforest with an annual rainfall of 80 inches. Other species are 
frequently seen growing as the dominate ground cover on coral rock 
just above the high-wmter mark and frequently deluged with sea- 
water. 

Likewise, as determined at the Imperial Institute (4), the quality 
of the fiber of the different species varies greatly. On the one extreme 
IS Sansevieria guineensis Willd., synonymous to S. tr if aciata according 
to Brown (3), wdth fine, lustrous, strong. fibers of even diameter; 
while on the other is 5 . Ehrenbergii with fibers of marked variation in 
diameter, those from the interior of. the leaf being extremely fine 
while those from the exterior are very coarse. 

^ Joint contribution from, the Office of Foreign Agricultural Relations, U. S. 
Dept, of Agriculture, pd the Cuban Agricultural Exj)ei*ime'nt Station.. The. 
collaborative investigations reported here were made possible by funds povided 
through the Interdepartmental Committee for Cultural and Scientific Coopera- 
tion with the American Republics, , 'together, with the financial support of the 
Government of Cuba.. Received .for publication June 27, 1945. ^ 

^Associate Agronomist, .Office of 'Foreign Agricultural Relations, ^U. S. Dept, of 
Agriculture, and Ingeniero .Agronomo,- Cuban .Agricultural. Experiment Station, 
respectively. 

Tigures in parenthesis refer to "Literature Cited^t, p. 960. 
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As a result of tlie increased war-related demand for all types of 
vegetable fibers and the growing concern of some governments for 
the development of their natural resources as well as the diversifica- 
tion of their agricultural programs, renewed efforts Iioa-t been made 
recently to solve the technical problems of Sa4isevieria fiber produc- 
tion.. 

' The major portion of the literature on Sansevieria deals with the 
taxonomy and botanical description , of the various species, while 
very little has been written on the cultural requirements or technical 
problems connected with the growing and extinction of the fiber. Any 
basic information, therefore, on the utilization of this plant for the 
production of fi,ber is. useful. This paper deals with the results ob- 
tained from preliminary investigations conducted o,n three species of 
Sansevieria at the Cuban Agricultural Experiment Station, 

MATERIALS AND METHODS 

The predominate species of Sansevieria in Cuba is 5 . guineensis with 5 . zeylanica 
Willd., perhaps, ranking second. Ornamental patches of 5 . cyUndrim Bojer and 
S. intermedia Brown also exist but only to a very limited extent.^ 

Before establishing new experimental plantings and initiating cultural in- 
vestigations with Sansevieria, it was considered desirable to determine the relative 
merits, particularly the yield of fiber, of the three most prevalent species in Cuba. 
Leaves of S. guineeyisis, S. zeylanica, and S. cylindrica, about 2 years old and of 
approximately the same length, were harvested at the Atkins Institution of the 
Arnold Arboretum at Central Soledad, Cuba. The three species had been planted 
about the same time and were growing in the wuods next to each other under 
approximately identical environmental conditions. The leaves were transported 
to the Experiment Station where they were weighed, retted in water, and the yield' 
of fiber determined. 

To determine the association between length of leaf and fiber content, a 7- to 
8-year-old planting of Sansevieria guineensis^ growing in rather dense shade in the 
arboretum at the Cuban Agricultural Experiment Station, was used. The planting 
was divided into nine plots, each covering an area of 45 square feet and contahiing 
about the same stand of plants. The plots w^ere harvested separately by cutting all 
leaves at ground level with sharp knives. Harvesting of all plots was done during 
the first week of July 1944. After being harvested, the leaves were taken to the 
laboratory where they were classified and counted according to length, and each 
length group was weighed separately. They then were passed through squeeze 
rollers in order to break the relatively thick epidermal layer and thereby to 
facilitate the biological retting process. Afterwards they were tied in bundles and 
submerged in a retting tank for about 15 days. When the fiber came free of pulp 
and cementing materials, it was thoroughly washed, dried in an oven, and 
weighed. Samples of leaves from each length group -were dried to constant ■weight 
in an oven in order to determine the moisture content. 

Although length of leaf Js a partial criterion wdth respect to age for about the 
first two years, after this time all leaves reach their inherent length under a given 
set of environmental conditions; and a planting of Sansevieria may consist of 
leaves of about the same length but differing in age from i to 3 or 4 years. 

„ ...In o,rder to determine the degree of association between age of leaf and the fiber 
content, an arbitrary classification was made based on morphological appearance 
of the leaves. The writers observed that the short basal leaf sheaths of Sanse^neria 
guineensis remained green for a period of about a year, after which they turned 
brown and ceased to function. The dead leaf sheaths generally remained at- 
tached to the plant the second year; then they gradually underwent decomposi- 
tion and were removed from the plant by wind and rain. Three groups of leaves 
differing in age were set up as follows: Leaves with green basal leaf sheaths, ap- 
proximately 1 year old; leaves with dried and withered basal leaf sheaths, approxi- 
mately 2 years old; and leaves with no basal leaf sheaths, more than 2 years old. 

Using this classification during harvesting, leaves having approximately the 
same length but differing with respect to appearance and presence of the basal 
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leaf sheatlis, were selected at random and cut at ground level from another plant- 
ing of Samiriena gmneensis. This planting was growing in the arboretum under 
slightly different eii\ ii oniiiental conditions from the one mentioned previously 

in that it received the morning sunshine. Fiber and moisture determinations were 
made according to the method stated above. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Data in Table i on the fiber yield of the three main species of 
Sansevieria in Cuba grown under approximately identical entdron- 
iiiental conditions show that 5 . guineensis contained 2.67% fiber of 
the green w^eight of its leaves as compared to 2.16% and 1.53% for 
S. cylindrica and S. zeylanica, respectively. Although 5 . cylindrica 
produced more fiber per leaf than S. guineensis, the former species 
has been observed to grow’’ considerably slower than the latter and 
is knowm to produce fewer leaves per unit of land. Although the 
average weight per leaf of S. zeylanica was 36.5 grams more than the 
average weight per leaf of 5 . guineensis, it yielded approximately 1% 
less fiber. Under Cuban conditions, S. guineensis appears to be better 
suited for the production of fiber than either 5. cylindrica or 5 . 
zeylamca. 


Table i. — Fiber deierminaltoiis on samples of Sansevieria giiinee?isis, S. zevJanica 
and 5 . cylindrica harvested at Central Soledad, Cuba, each sample composed of 
ly leaves about 4 feet long. 


Sample 
No. ; 

Total * 

green 
weight, 
grams 

Weight 
per leaf, 
grams 

Weight of 
dry fiber, 
grams 

Fiber 
per leaf, 
grams 

1 

Percentage 
fiber of 
green ■ 
weiglat 



S. guineensis 



I 1 

2,999 

153-26 

60.73 

4.04 

2,64 

2 1 

2,086 

139.06 

56.54 

3-76 

. 2,71 

Average i 

2,072 

.146.16 1 

58-63 

3.90 

.2.67. -■■■ 



5 ..S 

eylanica 



I 

2.833 1 

188.86 

41.99 

2.79 

1 1.48 

2 

2.647 

1 

176.46 

42.35 

2.82 

T..59 .. ' 

Average 

2,740 1 

182.66 

42.17 

2.80 

■ ! r.53 



5 . cylindrica 



■ . I ' 

3.578 

238-53 

76.86 

5.12 

2.14 

2 ' . 

3,250 

2 1 6.. 66 

71.43 

4-76 

' 2.19 

Average 


227.59 

74.14 

4-94 

2.16. . .. 


The association between length of leaf of Sansevieria guineensis 
and the fiber and moisture content is shown in Fig, i. With' an in- 
crease in length of leaf, there was a progressive increase in the. per- 
cent age fiber content. The fiber content increased from a low of 1.5% 
in leaves of the shortest group to a high of 2.5% in leaves of the long- 
est group, with the greatest increase occurring in those leaves be- 
tween the 37- to 48-inch and 49- to 60-inch length groups. The upper 
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lumt of 2.3% li^ between the figures presented bv Barrett fj) in 

^7) in Mexico, who reported the fiber viVid to 
be between 2 and 3% ot the green weight of the leaves. " 



MOISTURE IN LEAVES (PERCENT) 
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With this progressive, increase in fiber content-/ there was a slightly 
greater decrease in the moisture content of' the. leaves. The moisture 
content decreased from a high of 93*2% in leaves 0 to 24 inches long- 
to a low of 90.7% in leaves 61 to 72 inches in length. As was expected, 
the yield of fiber per leaf increased with an increase in leaf length! 

The weight of fiber produced ' per leaf made a gradual increase 
from 0.44 gram in leaves 0 to 24 inches long to where the leaves were 
37 to 48 inches in length followed by a sharp increase to 5.16 grams 
ill leaves 49 to 60 inches long. This rapid increase in fiber produced 
per leaf, is the direct result of a sim.ilar ■ increase in the total green 
weight per leaf as shown in Table- 2. From these data it appears that 
in S. gumeensis, like other plants, the growth rate during the forma- 
tive stages is comparatively slow- but speeds up during the elongativc 
period and then. dec,reases during maturation. The total weight of 
dr}^ clean fiber produced per acre from this planting was 3,210 pounds , 
.as sliowui in Table 2. 

Barrett (i), Wliitford (8), and Blockman (2) have estimated the 
yield of fiber per acre to be bettveen 3,000 and 3,500 pounds, while 
Parsons (6) reported the crop wmuld yield 10,000 pounds of clean 
fiber per acre. All of the data reported in the literature in regard to 


Table yields of Sanseideria guineensis based on the average production of 

nine 45 square foot phis, Santiago de las Vegas, Cuba. 


Length 
of leaves, 
indies 

Number 
of leaves 

Weight 
of leaves, 
lbs. 

Weight 
of di'V fiber, 
lbs. 

Total green 
weight per 
leaf, 
grams 

Percentage 
of total fiber 
. in each 
length group 

0-24 

55d-76 

3,436 

52 

28.2 

:l 62 

25-36 

1:76,176 1 

25,526 

434 

65.7 

■ 13.52 •" 

37-48 

294,272 

6i,o6i 

.1,221 

94.1 

38.04 

49-60 

119,064 - 

57,160 

■1,372 

217.8 

42.74 

61-72 

7,744 

5,247 

131 

307.3 

4,08 

Total 

652,432 

152,430 

3,2iO 

— 

100.00 


jdelds of fiber of Sansemeria probably are based on estimates made at 
the discretion of the authors or are the yields obtained from compara- 
tively old undisturbed plantings similar to those used in this investi- 
gation for the purpose of determining fiber yield in relation to length 
and age of leaf and not for the purpose of predicting yields to be 
expected from commercial plantings. Until a planting of Sansevieria 
on a, coniiriercial basis has growm for perhaps 4 or 5 years, doubt 
exists as to whether, even under optimum conditions, it would pro- 
duce more than half of the fiber obtained from the planting used in 
this study. Tliis view point is conmborated by the data presented by 
Toro (7), who calculated that between 1,338 and 1,695 pounds of dry 
filler per acre may be obtained from a commercial planting the third 
yeax after it is established. Sansemeria is a comparatively slow-grow- 
ing plant, at least from the standpoint of producing new leaves from 
the rhizomes; and a minimum of 3 or 4 years would be required for a 
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new planting to produce 15 leaves per square foot as was the case in 
this investigation (Fig. 2). 


T.'^ble 3 . — Percentage fiber and moisture in different aged Siiiiserieria gain ecus is 

leaves of ahotit the same letiglh. 


■ 1 
1 

Lccif appearance and 

.Green j 

Drv 

I MoiS" 

i Dr\' 

‘ FilftTof 

i weight, 

weight, 

1 ttire, 

* weight 

green 

approximate age 

grams ^ 

grams . 

! 

1 

jiher, 

;■ grams 

\ve«ght, 

f ' 

■ (' 

With green leaf sheaths, 1 year . . 

1.392 

.92 

• 93-4 

' 20.88 

05 

Whth dead leaf sheaths, 2 years 
Without leaf sheaths, o\’'er 2 

2,984 

224 

: 9^-5 

47.74 

; 06 

vears. 

2,482 

200 

i 9 i_:«A 

; 47 - 15 

: 09 


Data presented in Table 3 show that as Sausevieria guincensis 
leaves increased in age, the percentage of fiber likewise increased 
with an accompanying decrease in moisture. Differences in fiber and 
moisture percentage data presented in Fig. i and Table 3 for separate 
plantings of the same species, are due, perhaps, to slight differences 
in environmental conditions under which the two plantings were 
growing, as mentioned previously. Leaves from the latter plot were 
han^ested following a rainy period which might be responsible for the 
higher moisture percentage. 

Problems such as method and time of haiwesting this iTOp and the 
resultant efiect upon subseciuent growth and 3deld still remain un- 
solved, Should the practice of cutting all leaves at ground level not 
prove harmful to the planting, then harvesting may be easily acca^m- 
plished by using a standard mowing machine with a binder attach- 
ment. The belief is, however, that such a severe harvesting nielhod 
may result over a period of years in the eventful destruction oi the 
planting and, perhaps, the harvesting onty of leaves of a given length 
or longer will have to be resorted to. This will necessitate the design 
and construction of a machine with an adjustable mechanism for re- 
moving the leaves of a desired height, such as 36 inches and longer, 
which, under the conditions of this experiment, produced approxi- 
mately 85% of the total fiber obtained as shown in Table 2 . A machine 
of this t3’pe might consist of a series of rollers turning in opposite 
directions and mounted perpendicular to the upright 1ea\TS which 
would, upon contact with the tenninal ends of the leaves, break them 
loose from the underground rhizomes. The point of attachment of the 
leaves to the rhizome has proved to be the location where the break 
most generally occurs. Harx^esting by this method xvouki consisl of 
removing only the longer leaves while the shorter ones xvoukd r)c left 
for the next harvest. 

From the data presented in Tables 2 and 3, it would appear that 
for maximum yields of fiber per unit of land, harvesting should be 
delayed ^ until the leaves are over 2 years old. From an economic 
standpoint, however, it is questionable whether the increase in yield 
obtained by delaying harvesting until this time would be profitable. 
Certainly, time of harvest, with respect to age and morphological 
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Fig. 2. — Sansevieria guinee7i$is growing in the arboretum at the Cuban Agri- 
cultural Experiment Station, The tallest leaves are about 4 feet in length. 

development of the leaves would have a pronounced effect upon the 
production and growth of new leaves. Another factor which un- 
doubtedl}'^ tvill govern the optimum time for harvesting is the asso- 
ciation between fiber quality and age of leaf. The writers have ob- 
observed that with advancing age of leaf the fiber becomes more 
coarse and harsh. There is reason to believe that tensile strength and 
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other factors which make ■ up .quality also undergo considerable 
change. 

Environment, particularly in reference to shade, is another factor 
which will; require scientific experimentation before the technical 
problems of SatismVna fiber ' production are solved. Although the 
reports in the literature ; are quite conflicting in this respect, it is 
generally agreed that most species of Smisevieria, in varying degree,, 
are shade-loving plants, and that better growth and' production of 
leaves is obtained' from plants growing in partial or full shade than 
from plants growing in sunlight. 

Defibering ■ trials of this plant, ■ using equipment designed for 
de&bering henequen, have been quite ' successful in Cuba. Recent 
experimental trials in , Florida, with a someurhat different machine 
which was designed and built by the U. S. Dept, of Agriculture, have 
also been encouraging. 

SUMMARY" 

Investigations Avere conducted at the Cuban Agricultural Experi- 
ment Station on Sansemeria gtdneensis, S. zeylanica, and S, cylindrica 
to determine the comparative fiber content of their leaves as well as 
the relationship of fiber content to length and age of S. giiimensis 
leaves. 

The average fiber content of leaves which had grown under practi- 
cally identical environmental conditions and were approximately the 
same length and age was found to be 2.67, 2.16, and 1.53% for San- 
semeria guinemsis, S. cylindrica, and 5 . zeylanica, respectively. 

With an increase in length of leaf of Sansemeria guineensis, there 
was a progressive . increase in the percentage fiber content accom- 
panied by a ■ progressive decrease in the percentage of moisture. 
Data, based on morphological development of the leaves, are pxT- 
seated which also show that there is an increase in the percentage of 
fiber accompanied by a decrease in the percentage of moisture. 

From a y- to 8 -year-old planting of Sansevieria gtdneensis, 3,210 
pounds of dry, clean fiber were produced per acre but, on a com- 
mercial basis, doubt exists as to whether more than half of this 
amount wmuld be produced annually at the end of the fourth or fifth 
year. 

A short discussion is presented dealing with some of the problems 
which need scientific investigation before the technicalities of 
fiber production are solved. 
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NOTES 

‘^AGROPYRON JAPONICUM'^ IS A. SEMICOSTA TUM, 

T he writer in a recent issue of this Journal (VoL 37, pages 319- 
321) rather too hastily followed Tracy and Scribner in identifying 
the name Agropyronjaponiciini Tracy with a species of Brack y podium. 
Agnes Chase, Ciistodian of Grasses, U. S. National Herbariiiin, has 
written that since the publication of Hitchcock’s Manual of ike 
Grasses of the United States in 1935 (page 774), a.. “vSpecimeii. has been, 
found with Yasey’s script ‘Agropyron Japonictim V. Cult, in Cali- 
fornia from New Zealand, originally from Japan. (Collector) E. J. 
Wickson, .Berkeley, Cal. i8S8h A description in Vasey’s script is 
pinned to the sheet. The specimen is Agropyron semicostatimi Xees. 
Three more specimens cultivated in Washington., D. C., in 1889 
and 1890, one grown by S. M. Tracy, Starkville, Miss., in 1889., 
‘seed from California’, ail named 'Agropyron japonicumf and one 
grown by A. B. Leckenby, Y'akima, Wash., labeled "Brachypodiimt 
japonictmC' are all A. semkostahmi, and had long ago been distri1:.)iited 
in the Old World cover of that species and were overlooked.” Also, 
that “This species has been found on ballast at Portland, Oregon.” 

Comparison shows the above specimens are the same as the Wick- 
son specimen in tlie Agronomy Division .Herbarium., University of 
California,' Davis, Calif.,, of which the Wickson photograph was 
taken. , f ' ' 

In addition to Ball (this Journal, Voi. 37, pages 660-661), it is 
suggested by Chase that the name' lAgropyron japondcum Tracy is at 
best only a “iionien seminudum” and not sufficiently implemented, 
in spite of the descriptions and’ illustration, to invalidate A. japoni- 
cum Honda. Since only the identification of the names involved is of 
particular interest to agronomists, a fuller discussion. of the point is 
omitted. — A. A. Beetle, Division of Agronomy, University of Cali- 
fontia, Davis , Calif . 

THE IMPORTANCE OF THE METHOD USED IN WETTING A SOIL^ 

AGRONOMIC ^ research often: involves, experiments in which 
il different initial soil moisture contents are necessary. The data 
presented below were obtained from such an experiment, Nichols’ 
method*^ of atomizing water wdth steam' pressure was uscal to obtain 
the various moisture levels. The. spray was directed on an air-dry 
sample of Brookston clay which was 'previously screened through a 

Contribution from the Ohio., State Umversity ■and, the .Ohio Agriculltiral 
Experiment Station, Coluiiibiis, Ohio, ■ 

^Nichols, M. L. Methods of research in- soil, dynamics 'as applied to implement 
design. Ala. Agr. Exp, Sta, Bui. 229. 1929. 
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}i 4 nch sieve. Each sample was stirred carefully by hand during the 
wetting process. When wetting was completed, the sample was 
placed ill a moisture-proof can for a period of 3 weeks in an attempt 
to establish equilibrium of the soil moisture. The nioisturc equivalent 
and 15 atmosphere-moisture percentage values of this sample were 
31.4% and 20.8%, respectively. 

The data presented in Table i were obtained after com|}ressiiig 
three samples of soil hamng moisture contents of 18.6, 26.3, and 
32.6% on the oven-dry basis with pressures ranging from o to 20 
pounds per square inch. The soil to be compressed was placed in a 
brass cylinder liaAung a volume of 110.6 cc. A predetermined amount 
of soil was used such that the final volume would he the same at all 
pressures after compression. Each sample was then wetted by capil- 
larity, then immersed in water for a period of 24 hours before a tension 
of 49.0 cnis of water was applied. The values in columns 1,2, and 3 
are the percentage moisture remaining in the sample after applying 
tension by the method of Learner and vSliaw.*^ Each value represents 
an average of three determinations which agree fairh' closely. The 
initial moisture content of the sample is the average of 24 samples 
compressed at each moisture level. 


Table i. — The effect of initial wetting and subsequent compression on the moisture 
retained by Brooksion clay at a tension of 40 ems of water h 


'' " ' ' ' 

Pressure applied 
to sample, lbs. 
per square inch 

Percentage moisture (dry basis) contained in sample at 
three initial moisture levels after tension of 49.0 laiis 
■ waterf 

Level I 

Level 2 

1 ■ Level . 3 

0 

37*1 

32.6 

27.0 

0.5 

36.8 

32.3 < 

1 27-5 

I . i 

36.9 

1 ' .324 j 

26.5 

■■ 3 ■ ■ 

36.4 

1. '31-7 I 

26.7 

5 ■ ■ ! 

35-8 

31.3. 

26.4 

7 

354 

32.0 

26.3 

10 

. 35-9' ■ j 

33-1 

26.7 

20 

35.7 , 1 

34.5 

26.6 

Average 

36.2 

32.5 

26.4 ■ ■ 


JThe initial moisture levels before compression obtained by Nichols’ method of wetting v,-ere 
as follows: (i) 32.6%, {3) 26.3%, (3) 18,6%. Each figure represents the average of 24 saniph?s 
compressed. ' ■ , 

tAverage percentage moisture of three compressed samples in equilibrium with 49.0 ems waater 
tension. 

The data from Table i are summarized in Fig. lA. 0 ])serve that 
the amount of moisture which is retained at a tension of 49.0 ems of 
water depends upon the initial moisture content of the sample; i.e., 

^Leamer, R. W., and Shaw, Byron. A simple apparatus for measuring 
noncapillary j^orosity on an extensive scale. Jour. Amer. vSoc. Agron., 33:1003- 
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the lower the initial moisture content^ the smaller the amount of 
water retained. It is also interesting to note that this relationship 
holds for the range of pressures to which the sample was subjected 

(Table i). 



Fig. I. 

Pig. iB represents four moisture levels of this same soil obtained 
the following spring by selective s^inipling in a fall-plowed tield of . , 

alfalfa. The samples were treated in a manner similar to that above, 
but only one series of tests were conducted and no pressure was 
applied. It is seen that the ■, percentage moisture after applying a 
tension of 49.0 ems water was essentially the. same in^espective of the 
initial fieki xiioisture conte^^ ^ ^ 

The data presented can only be regarded as tentative since it 
represents a limited study on one soil type. However, it does seem 
to indicate that 'when Nichols’ or similar methods are used to wet 
air-dry soil to various moisture levels, caution should be used in 
assuming that the type of wetting wdiich occurs is the same as that, 
obtained under natural field conditions. — H.. R. TIaise .and .B, T.' 

Shaw, Bureau of Plant Industry, Soils, and Agriadtural Engineering, 

U. S. Dept, of Agrictdiure. . 

A METHOD FOR HAR¥ESTIMG EXPERIMEMTAL PLOTS OF 
CANMERY PEAS^ 

P LOT yields of cannery peas from fertilizer trials, i*ate of seeding 
experiments, root rot studies, and similar lines of investigation 
are usually obtained from plots large enough to provide a sufficient 
quantity of vines to make the use of a commercial viner feasible. 


^Contribution from the Division of Vegetable Crops, New York State Agri- 
cultural Experimental Station, Geneva, N. Y. Journal Article No. 647. 
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There are a number of factors connected with this procedure that 
tend to limit the number of experiments and treatments in any 
one season. In order to, obtain accurate yield data from a commer’- 
cial viner, approximately .80 to 100 pounds of shelled peas per plot 
should be vined. To insure this yield per plot due to seasonal fluctua- 
tion in yield relatively large plots are required, and a minimum 
plot size of 1/20 acre would be required if the acre yield of peas for 
the ' season were approximately, a ton.- 

Plot size becomes extremely important in the operation of an 
experiment station where the available area is definiteh^ limited 
and plot areas of 1/20 acre are, in many- cases, out -of the question. 
Occasionally, certain treatment yields must be estimated because 
there is not sufficient yield from the plot to warrant using the viner. 
This situation is especially significant when the reduction of yield 
from root rot is great. 

Another serious problem connected with the use of a commercial 
viner presents itself when the harvesting .date of the experimental 
plots coincide with a rush period at the viner station. It is not an 
unusual situation to find 30 to 40 truck loads of peas in line waiting 
to be vined during one of these rush periods. To tie up a viner for a 
day during this period to harvest small -experimental plots can easily 
become embarrassing both to the cooperating canning company 
and the experiment station worker conducting the work. Occasion- 
ally for this reason the har\’'esting of experimental plots is either 
delayed or advanced for too long a time to provide accurate 3deld 
data. Finally, this method of harvest is veiw time coiisuini,ng 'when 
the amount of data obtained is considered. 

PROCEDURE 

A method of harvesting is proposed that provides a rapid and 
accurate means for securing plot yields of 'cannery peas, pe.r.mits 
the use of small plot areas of 1/40 acre or less and eliminates the 
need for a commercial viner. This method is based on - the relation- 
ship of the weight of shelled peas from a weighed sample of vines from 
an individual plot. The plot yield is obtained by multiplying the 
total vine weight of the plot by the ratio of the shdled peas'^to vines 
from the sample. For example, if the total weight of vines from 
the plot is 200 pounds and if 5 pounds of shelled peas are obtained 
from a 20-pound sample, then the weight of shelled peas per plot 
is 50 pounds. 

The necessary equipment consists of one set of dyaiiomometer 
spring scales with capacity 200 pounds X0.5 pound; one set of 
spring scales, capacity 30 pounds Xo.i pound'; tripod, consiructed 
from yi inch galvanized iron pipe; two canvas ground cloths, 6 Ijy 6 
feet, with 4-inch iron rings securely fastened to each corner; Ci pea 
hullerb and a supply of 2 -bushel grain bags. 

The vines are cut in the usual manner with a mowfing machine 
equipped with pea harvesting attachments. The total vine weight 

^This huller was ptirckased from the Sinclair Scott Company, Baltimore, Md,, 
and is listed as a Junior Pea Huller, 
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of the plot is obtained by weighing up the vines on the canvas 
ground cloths attached to the hook of the 200-pound dyanomometer 
spring scales by means of the iron rings. A . representative sample 
of vines approximating 10% of the total vine weight of . the plot 
is collected in a grain bag, careMly weighed on the 30-pound spring 
scales, and taggecl with, the correct plot designation. The pods are 
removed from this sample by hand and run through the hiiller. 
The weight of the shelled peas from the sample is then recorded, 
using the 3o-poiind spring scales for this weighing. The total weight 
of shelied peas from the plot is then secured -as indicated above, 

' ACCURACY OF THE METHOD 

The accuracy of the method was checked as follows: Eight lots 
of peas were taken from two different fields. One of the areas was 
badly infected with root rot and the other area was located on a 
slope that had suffered severe erosion and small gtilleys. formed 
after planting the peas were still noticeable at harvest time. These 
areas were puirposely taken since the two conditions (presence of 
root rot and erosion) were conducive to an uneven maturing of 
peas. It was thought best to test the accuracy of the method under 
conditions in which nonuniformity in ripening was encountered 
since it is more diffic'ult to sample an uneven maturing lot of pteas 
than a lot that was maturing evenly especially when small samples 
are taken. Pods from samples representing 10, 20, 30, and 40% of 
the total vines from each lot were removed and the ^deld of shelled 
peas obtahied from each sub-sample. The plot yields were then 
calculated based on the weight of peas from the various sub-samples. 
The data are presented in Tables i and 2. , 


Table i. — A comparison of yields of shelled peas estimated from varying sampling 
percentages and total yield. 


Sample 

Mean yield, pounds per plot^ 

10% A 

10. 0 

20% 

XO.I 

30%. 

10. 1 

40% 

100%. 

10.2 

10. 1 


^Average of eight lots. 


Tabli: 2.-— Analysis of variance of data in Table i. 


Source of variance 

Degrees of freedom 

Mean square 

Total 

39 

: _ — , ■ 

Between lot.s 

, 7 

54.96 

Between samples 

. 4 ■, 

0.07. 

Error. 

28 

0.071 


The data definitely show that no' significant' differences, were 
obtained between any of the sampling -procedures ,and ..would indi- 
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cate 10% of tile total Adne weight to. be an adequate sample to use 
in estimating the total plot yield.;. 

DISCUSSION 

The reliability of this method, as with any other nietlifid liased 
on sampling, is largely determined by the degree that the sample 
is representative of the plot and extreme care should be exercised 
in obtaining a reliable sample. The huller was found to be very 
satisfactory for shelling the pods. The time required for haiA'-esting 
is of interest. Three persons work efficiently in sampling and •weigh- 
ing up the vines. Twelve plots per hour can easily be sampled and 
weighed.' Depending on the individual, the pods from a 20-poiind 
sample of vines can be removed within 20 to 30 minutes. Girls of 
high school age were found to be satisfactory' for this operation. 
Three to four minutes per sample are required for hulling the pods. 
The shelled peas can be used for obtaining sample grades and lendero- 
meter readings. 

The method can be used on weedy plots as long a.s a rc^presentative 
sample of weeds and vines is taken from the plot. 

The method of han-est offers a number of adwantages over the 
present system of using a commercial viner. Included in these ad- 
vantages are: (i) A saving of labor; (2) the use of plots of 1/40 acre 
or less; (3) a doubling or tripling of the number of treatments in 
the research program for peas without additional hibor; (4) the 
facilitating of work in outlying fields in that vines from the small 
plots do not have to be transported to the viner station; (5) pre- 
vention of the tie up of a commercial viner during tlie rusii season; 
(6)^ the sample needs only to approximate .10%. of ilie total vine 
w^eight of the plot; (7) samples do not have to be shelled the same 
day as harvested and can be conveniently stored in a cold room 
(55° F) from 2 to 3 days after han^est if necessary; -(8) the same 
method appears suitable for obtaining yields of lima bean plots, 
providing the' beans were harvested at the proper stage of maturity.— 
John F. Davis, A^ew York State AgricuUnral Experiment Station, 
Geneva,' N, Y. 


AGROIOMIC AFFAIRS 

HEWS ITEMS 

Howard W j»mi)AN of the U. S. Dept, of Agriculture, Bureau of 
Plant Industiy, Soils, and Agricultural Engineering, has been trans- 
ferred to the Mississippi^ Agricultural Experiment Station, State 
College, Miss., where he mil work cooperatively with that station in 
soil fertility investigations. Pie was formerly located at Madison, Wis. , 
where he was engaged in cooperative research wdth the Wisconsin 
Agricullural Experiment Station on studies with American hemp. 

Doctor L. O. Fine received his discharge from the Navy in Sep- 
tember and has returned to his duties as Assistant Agronomist at 
the Arkansas Agricultural Experiment Station. 

„_A_ . ■ 

M. I\l. Kkl\!, fr>r the past three years industrial specialist with 
the Chemical Biinxiu of the War Production Board, has joined the 
staff of ilie American Potash Institute. A native Nebraskan, Mr. 
Kciiri reevived his training at the University of Nebraska and his 
Master’s Degree from Rutgers Univensity. With the Potash Institute, 
he will he in charge of its economic and statistical department. 

DtH’TOR A. M. ScHLEHCBER began his duties in October with 
the Oklalioina Agritailiural Experiment Station, Stillwater, Okla., as 
Agroiioiiiist in idiargc of small grain investigations. This work 
will be iii cooperalioii with the Division of Cereal Crops and Diseases, 
Bureau of. Plant Industry, Soils and Agricultural Engineering, U. S. 
Dept, of Agriculture. .-For The past four years Dr.' Sclilehuber ' .was 
employed b\' the Division of Sugar Plant Investigations of the De- 
partment near Meridian, IMiss., working on the breeding and gene- 
tics .of sugar and/or sirup-types of sorgas. . 

__A__ 

Doctor Fraxs ^hiRDooRN, Editor of Chronica Botanica and 
Botanical Ad\'iser to the Board for the Netherlands Indies, writes 
that, ac'cording to reports received from Holland, Australia, and 
Java, tlic scienliiic institutions in the Buitenzorg area (west Java) 
are relatively in good condition. The classic collections in the herbari- 
um, as well as ilie grounds of the famous botanic gardens at Buiten- 
zrirg, have not been dania.ged to any considerable extent (it also 
seems iliai Iterbarimn material has not been transferred to Japan) 
The rich libra, ry of the Department of Economic Affairs and most of 
tla^ experinieni statirm buildings are also intact. The following may 
be quoted from a letter from Dr. C. G. G. J. van Steenis, the well- 
known authority on Malaysian botany, just received in the United 
States, 'T lost altogether one year work, but worked harder than in 
any other period . . . finished several papers, and am almost ready 

9^7 
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with my c3?'clopaedia of botanical collectors, and book on Malaysian 
plant life. . . Was released as a prisoner of war, August ii, 1942, 
again ill jail, December 14, 1942 - to April 13, 1943, worked again 
to August 13, 1945. No\¥ again interned . , . The biologists Dr. W. K. 
Huitenia, Ir. P. Nk Hackenberg, Dr.- J. H. G. ' Femiaii, Dr. kL P. 
Both, Ir. C. van der Giessen, and P. van der Groot have died. Of 
many others, especially Dr. M. A. Dork, Dr. P, J. Eynia, and T. H. 
van den Plonert, not yet am^ news. Dr. O. Postliumiis, H. C. D. de 
Wit, and my wife still working. Hope to be released soon . . . ’k . 

-_A_ 

John L. Retzer, Senior Soil Scientist formerly with the Bureau of 
Plant Industry, Division of Soils, in California has been transferred 
to the Roclq?' Mountain Forest and Range Experiment Station,. Fort 
Collins, Colorado, -where he will conduct research in soils as related 
to forest and range production. 
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EFFECT OF PLAMT SPACIMG AHD TIME OF PLANTIIG ON 
SEED YIELD OF KENAF, HIBISCUS CANNABINUS L3 

Julian C. Crane and Julian B. Acuna^ 

K ENAF is the name used to signify both the tall annual plant 
with large showy flo%¥ers characteristic of the Mallow famih^ 
and the bast fiber obtained from the stem of that plant. During the 
past two or three years when fear has existed that the Japanese might 
invade India and thereby deprive the Allies of supplies of jute fiber, 
the kenaf plant has attracted wide attention and undergone con- 
siderable investigation. Interest in this plant has resulted from the 
similarity between jute and kenaf fiber and from the comparatively 
large yields of the latter which can be produced per unit of land in a 
short period of time. Yields of over a ton of dried fiber per acre can 
be produced in from 3 to 4 months on good soils with favorable 
climatic conditions. 

This plant has been cultivated widely in India and at one time 
was reported (4)'^ to have been used for local consumption in larger 
quantities than jute. Kenaf fiber has rapidly become a product 
of commercial importance in 'Russia where much progress has been 
made towards determining the cultural requirements of the plant, 
developing methods of extracting the- fiber, -and adapting processes 
for spinning and weaving the fiber' (6). In addition kenaf has been 
used for local consumption in such countries as Java, Persia, Nigeria, 
Natal, and Egypt. 

, Kenaf is an herbaceous annual plant' which 'matures its seeds in 
from 4 to 8 nioiitlis, depending upon the time of planting. The crop, 
therefore, must be planted each year as is done in the case of hemp or 
flax. As the plants are harvested for fiber before or during blossoming 
and a seed crop, consequently, cannot be harvested from, . a .fiber 

^Coiitri!)iition from the Office of Foreign Agricultural Relations, U. S. Dept, 
of Agriculture, and the Department of Botany,. Cuban Agricultural .Experiment: 
Station, ffhe t'ollaborative investigations reported here were made possible by 
funds provided through the U. S. Inter-Departmental Committee for cooperation 
with the American Republics, together with the financial support of the Govern- 
ment of Cuba. Received for publication January. 20, 1945. 

“Associate Agronomist, Office of Foreign Agricultural Relations, U. S. Dept, of 
Agriculture, and Head, Department of Botany, Cuban Agricultural Experiment 
Station, respectively, 

'^Figures in parenthesis refer to “Literature Cited’l, p. 977. 
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planting, a separate planting must be made for seed to be used in 
planting for fiber the following year. 

To determine the effect of plant-spacing and time of planting 
upon' seed' production, the following investigation was conducted at 
the Cuban x^gricultural Experiment. vStation. Although the data 
presented are the results of only i year's investigation, they may 
serve as preliminary information- for persons coiiieniplating the 
production of this crop' until the results of future investigations 
suggest possible modiiicatioiis. 

REVIEW OF LITERATURE 

The literature contains considerable material on the cuhiyaiiiori of kenaf and 
the uses and properties of its fiber, but the major part of this material is not 
supported by scientific experimentation and in few cases are clear-cut recom- 
mendations given. With a few exceptions, the papers are based on observations 
on small plantings and data were not collected; and the estimates were made at 
the discretion of the authors. The recommendations in the literatnre as to the 
best planting distance and time of planting for seed production have varied 
considerably, depending upon the country or location. Likewise, the yields of 
seed reported being obtained from a given area of land have been extremely 
divergent. 

The differences in time of planting and yield of seed which are found in the 
literature are to be expected, however, in vie\v of the fact that the kenaf plant is 
extremely sensitive to changes in length of day. The best time for planting in a 
location of a given latitude might not be successful in another location of a dif- 
ferent latitude. Then again, the most suitable time of planting for fiber in one 
location might possibly be the best time of planting for seed in ai^other location 
depending upon latitude. The response of the kenaf plant to length of day will be 
discussed later on in this paper. 

A report by Acuna, et al, (i), containing observations on kenaf plantings in 
Ei Salvador, states that for seed production the rows should be 20 to 24 inches 
apart with a distance of i foot or more between piantvS in the row. Plantings 
made in this manner w^ere estimated to yield between i ,200 and f ,500 pounds 
of seed per acre. Seed yields vrere reported to vary according 10 the time of 
planting. Smaller yields were obtained from plantings made in September than 
from those made in May, 

Although Dekker (3), in Java, does not mention the best time of planting, he 
does state that for seed production the plants should be spaced 30 to 40 inches 
on a square. Yields of seed from plantings of this nature are not mentioned. 

Oliveira (5), in Brazil, states that planting should be done between the middle 
of August and the middle of December. The distance used between , plants de- 
pends upon the method of seeding employed. When planting was done by hand, 
three seeds were dropped in each hill 30 by 30 cms (about 12 by 12 inches). 
However, when mechanical seeders were used, planting was done in continuous 
rowspvith a distance betw'een.rows of from 20 to 30 ciiis(8 to 12 inches). Planting 
at this distance and time of year resulted in yields of only 180 pounds of seed per 
acre. 

A more recent report by Choussy (2), in El Salvador, states that kenaf for seed 
production should be planted betvreen the middle of August and the last of Sep- 
tember due to the fact that environmental conditions during and after that period 
pe much better than conditions throughout the remainder of the year. By |.}lant- 
ing at that time, it is stated, the plants receive sufficient rainfall over a. period of 
2 months or more and at the, same time the day, length becomes short enoiigli to 
induce -flowering 60 to 70 days after planting. The seed-ripening process, W'hich 
requires from 4 to 5 weeks of dry weather after blossoming, then comes during 
a period when the rainy season has ceased. 

Choussy recommends a planting distance of 0.8 meter (approximately 32 
inches): between, rows and. 25, , cms (approximately 10 inches) between plants in the 
row. He notes that this planting distance is sufficient to obtain branched plants 
which, he states, produce a larger quantity of seed pods than do plants having 
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a single stem* Under normal conditions in El Salvador and in plantings which 
had been well cared for, Chonssy estimated the seed yield to be between 700 and 

800 pounds per acre. 

EXPERIMExNTAL METHODS 

This iiivcstigatinn was conducted on. a Matanzas clay soil which was in a rather 
low state of fertility. j3e terminations on representative samples showed the soil 
had a pH of 6.8,^ while phosphorus and potassium were present in abundant 
quantities. The nitrate nitrogen content, however, was very low, and there was 
no doubt that growth and production of seed was restricted due to this deficiency. 
Rather severe infestation of the plants with nematodes in some plots also cur-' 
tailed growth and production of seed. 

The land was plowed and cross-plowed to a depth of 8 or 10 inches and was 
tlien harrowed several times. A planting was made on July 10, another on August 
2 i , and a third on August 24. The first two plantings consisted of four randoniizecl 
plant-Bpacirig treatnients which were replicated four times. In other words, each 
of the four blocks of a given planting date contained the following four random- 
ized treatments: 20 inches between rows and 12 inches between hills, 24 inches 
between rows and 14 inches between hills, 30 inches between rows and 15 inches 
between hills, and 30 inches betw’een rows and 30 inches between hills. 

Several seeds were dropped in each hill and after germination the plants w^ere 
thinned to the desired number. Although twm plants were left per hill in the July 
10 planting, it was decided that this was not a sufficient plant population for 
maximum seed >ueld and, therefore, thinning was done to three plants per hill 
in the August 21 ]>lanting. The August 24 planting was made with 20 inches be- 
tween rows with i inches between plants in the row and was intended to be 
used for fiber purposes only. When these plants had reached maturity, however, 
it was evident that planting in this manner had resulted in much larger yields of 
seed per unit of land than planting at greater distances between plants. Several 
representative samples were harvested and, as a basis of comparison, data col- 
lected on these f)lants are presented with data collected from the other two 
plantings. 

Growth records on 10 random plants in each spacing replication were taken 
periodically throughout the growing season and at seed maturity 80 representa- 
tive plants of e.'jch treatment were measured and the seed capsules were counted 
to determine the effect of time and distance of planting on plant development and 
seed production. Wlien the plants were mature and had shed their leaves, they 
were cut and the seed was threshed, winnowed, and weighed. 

RESULTS 

After the plantings had become well established, they were com- 
posed of two different varieties of kenaf, both having been named and 
described by Howard and Howard (4) in India. Nineteen per cent of 
the plants were of the variety mndfr with cordate leaves up the entire 
length of the stem, while the remaining 81% were of the variety vul-- 
garis with cordate leaves at the bottom of the plant, 3-, 5-, ^nd 7- 
palmately lobed leaves respectively up the middle, and 3-palmatel3^ 
lobed leat'es on the top portion. Howard and Hovrard found that 
viridis had a strong tendency to throw out from the base numerous 
stout branciies which grew parallel to the main stem, while in vulgaris 
this tendency was not so pronounced. 

Chonssy (2) intimated that distance of planting had considerable 
influence on the degree, of branching in these varieties as he stated 
that distances of 0.5 to 0.8 meter (20 to 32 inches) between plants 
were sufficient to obtain branched plants which produced a larger 
quantity of seed capsules than plants which had only single stems. 

Under the conditions of this investigation, as is shown by the data 
in Table i, however, plant-spacing and time of planting had little 
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Table i. — Effect of plant spacing and time of planting on the degree of bramhdngof 

two varieties of kenaf. 



Percentage of plants within each 


Planting . distance, . 

. iiiGlies , 

variety that branched 

Total x>er c en ta ge 
branching 

Vulgaris 

Viridis 

ill each treatment 

1 



Planted July lo 


20 X 12 . 

5-30 

3-19 

1 4-92 

24 X 14 

6.24 . i 

6-45 

1 : d.,34 

30 X 15. ■ 

i 5-94 ■ 

7.93 

i , 6.31 

30 X 30 

1 6.89 ; 

8.49 

1 ' . 7-19 

Average 

6.09 

1 . . d.5i 1 


Planted Aitg. 21 


20 X 12 1 

4.26 I 

3.85 

! 3.86 

24 X 14 i 

4.89 

4-93 

. 4.43 

30 X 15 

5-24 

4.92 

4.81 

30 X 30 

5-83 

6.45 

6.13 , 

Average 

, 5-05 

5-03 

— 


influence on the degree of branching which took place. There was 
also very little difference in the degree of branching between the two 
varieties, this difference being, only 0.42% in they July 10 planting 
and 0.02% in the August 21 planting. There was a tendency for an 
increase in the .amount of branchi.ng with an increase in 
distance. This tendency, was more pronounced with v-iridds than 
with vulgaris,: The total amount of branching in the two plantings 
was practically negligible in that of all the plants of a gi\’en planting 
date only 1.49% branched in the July 10 planting while 1.37% 
branched in the August 2 1 planting. 

Kenaf, is a plant which is highly ^ sensitive to changes in length 
of day.", Time of planting for seed' or 'fiber production, therefore, 
is one of the most important .factors in its production. Data pre- 
sented in Table 2 clearly show this plant's response' to time and dis- 
tance of .■ planting. The ■ ■average length of the stems ■wdtiiout seed 
capsules ' or the distance from ground level to the point of attach- 
ment of .the first seed capsule in the Juty. planting w^as .4.80^. 55 feet, 
whereas the corresponding .distance for the August planting , wuis 
3.63^.16 feet. The average length of stem with seed capsules or the 
distance from the point of attachment of the first capsule to the top 
of the plant was 1.98^.29 and 2.19^.24 feet, respectively, in the 
July and August plantings. 

These data show that, irrespective of time of planting, the plants 
began blooming at approximately the same time. The July planting 
had more than a month longer for vegetative dcwelopmeiit than did 
the xAugust planting before the day length became sufficiently short 
enough to induce flowering. The plants, consequently, were approxi- 
mately a foot taller before blossoming started. Although the average 
length of stems with seed capsules was about the same for both 
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Table 2.— groiotli as affected by time and distance of planting, each figure 
represenihig So plants selected at random. 


Planting 

distance, 

inches 

Length of stem, feet ■ 

Number of 
seed 

capsules 
per plant 

Without seed 
capsules 

With seed 
capsules 

Total 


Planted July 10 



20 X 12 

4.68 dz. 69 

i-7i±-35 

6.39 ±.99 

ii.2±34 

24 X 14 

4.87^.69 

1. 87 zb. 14 

6.74dz .80 

I 2 . 7 ± 2,8 

30 X 15 

4 . 94 zb. 55 

1 .88zb:.34 

6.82 db .23 

I34±2.2 

30 X 30 { 

4.74±-28 

2 48 ±.34 

7.22 ±.32 

i7-8±3.6 

Average i 

4.80 zb. 55 

1. 98 ±.29 

6.79dz.58 

13.7^3.0 


Planted Aug. 2 1 



X 

0 

3. 74 dr. 18 

I.8lzb.2I . 

5.55dz.35 

8.8±3.4 

24 X 14 

3.62 zb. 12 

2.2 I ±.35 

5.84dz.28 

9.6±2,3 

30 X 15 

3.67 dz.18 

2.0ldz.l6 

5-68 ±.23 

9.8zbi.4 

30 X 30 

3.50^.16 

2.75±.26 

6.26±:.40 

I5.4±44 

Average 

3. 63 zb. i 6 

2..l9zb.24 

5.83^.31 

io.9dz2.8 


Planted Aiig. 24 

20 X ! K I . 3 . 95 dr .39 I 1.41 dr. 39 ! 5-36d=.22 | ,0 ± 1 .3 


planting dates, the average number of seed . capsules per plant was 
considerably lower in the August planting than in the July planting. 
This differenc'e was not entireh^ due to the greater stand of plants 
in the August 2 t .phinting than in the J11I3" 10 planting, thereby re- 
sulting in a smaller amount of plant nutrients available per plant 
for growth and production of seed, because plants which were planted 
30,Xi5 inches in the August 21 planting, even though they had a 
larger feeding area per plant, yielded less .than plants spaced 24X14 
inches in the July .10 planting. This reduction in the number of seed 
capsules per plant in the August 2 1 planting is attributed to time 
of planting and the subsequent changes in length of day. On the 
other hand, the response to competition among.plants is demonstrated 
by .comparing the average number of 'Seed capsules per plant in the 
August 21 planting wdth the average number of seed capsules per 
plant in the, August 24 planting made only 4 days, later. The plant 
population in the latter planting was sufficiently dense to restrict 
somewhat seed development of the individual plants. 

The eiTect of plant spacing on vegetative and seed development 
of kenaf wa,vS the same that has been observed in practically all other 
plants, that is, with an increase in the' distance between plants 
there was a tendency for a progressive increase i.n .the size of the 
plants and an increase in the number of seed capsules per plant. 

Data presented in Table 3 show the resulting number of plants 
per acre by planting at five different rates as -well as the effect of 
these planting distances and time of planting on subsequent yields of 
seed. It will be noted that there was a pronounced tendency for an in- 
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crease in production of seed per plant with an increase in planting 
distance, but at the 'same time' there was a progressive decrease in 
yield of seed per acre. Although the seed yield per plant at the widest 
spacing, both in the July and August plantings, was twice as large as' 
the seed yield per plant at the narrowest spacing, this difference was 
not great enough to compensate for the much larger number of plants 
per acre in plantings of the narrowest spacing. These data also show 
that the ' yield of seed per plant became progressively smaller as 
plantings were made later in the season. Plants in the x^ugiist 21 
planting yielded approximate^ i gram, , or 26%, less seed per plant 
than plants in the July 10 planting. This decrease in yield was not 
caused bj?’ 'increased competition among plants in the August 21 
planting as a result of a larger plant population per area of land be- 
cause, for example, plants which were planted three plants to a hill 
spaced 30X 15 inches in the. August 21 planting yielded, less per plant 
than did two plants per hill spaced 20 X 1.2 inches or, 24 X 14 inches in 
the July JO planting, even though they had a larger area per plant to 
feed from. On the other hand, this decrease in. yield per plant is 
attributed directly to the time of planting and the period following 
for vegetative and seed development in which changes in environ- 
mental conditions occurred. 

Table 3. — Ejfect of twte and distance of planting on yield of seed of kenaf. 


Planting distance, 
inches 

Seed per plant, 
grams 

i 

Seed per acre, ^ 
■ lbs. , 1 

Plants per acre 


Planted July lo (Harvested Dec. 2) 


20 X 12 1 

4.284=1.99 

5074=236 

! 53.767 

' ■ 24 X 14 ! 

5.524=1.70 

469=4=144 

: 38,581 

30 X 15 

5.324=1.50 

339 ± 95 

28,873 

30X30 

8 . 104 : 2.37 

2674= 78 ! 

14.935 

■Average 

5.8 o ± i .89 

3954=138 

34.039 


Planted Aug. 21 (Harvested Dec. 29)^ 


20 X 12 

3 . 36 ± .92 

5974=164 

80,651 

24 X 14 

4.174=1.00 

5324=128 

57,873 

30 X 15 

3.894= .44 

371 ± 42 

43,311 

30 X 30 

6.94=4=1.98 

343 ± 98 

22,402 

, ■ .Average 

4-59 ± 1 .08 

46od=io8 , ' 

51.0,59 


. Planted Aug. 24 (Harvested Dec. 29)'^ 

20X1X .-'I' .3-i4=P -73 i' 1,527=^353 -1 ... . 

*These plots could have been harvested 2 weeks earlier but time and facilities were not available. 


Although the different plots in the August 21 planting had over 
33% more plants than similar plots in the July io‘ plantiiig, average 
acre yields of only 16% more seed were produced than these plots. 
By increasing the number of plants to 219,551 per acre, as was done 
in the August 24 planting, yields of 1,527 pounds of seed per acre 
were obtained. It lo^cally follows that much larger jdelds can be 
obtained by planting in July when the yield per plant is highest, using 
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the distance riiaiiling that was employed in this investigation for 

the August 2.| planting. 

..DISCUSSION AN.D CONCLUSIONS ' 

The data prc'seiiied in Tables 2 and. 3 indicate readily that the 
time and dislaiii*e oi jilaiiliiig had a decided influence on the vield of 
seed of this Of these two factors, time of planting is, perhaps, 

more important tliaii distance of planting as it deterniines whether 
the crop wall lx‘ a sueec‘ss or failure. If planting is done at a time when 
the day lenglli is sufficiently short to induce blossoming, the plants 
begin flowering when only 1 to 2 feet in height and relatively small 
yields of seed are produced. Likewise, if a dry period of 4 or 5 weeks 
does not follow blossoming, the seeds germinate in the capsules before 
they can be han^ested. For seed production, kenaf must be planted at 
a time when tlieie is sufficient rainfall throughout a period of 2 or ^ 
months followed by a dry period in which the seeds can mature and 
ripen. 

Along with the special requirement of climate, there is another 
factor which is of prime importance inasmuch as the kenaf plant is 
photoperiodic' and is influenced markedly by changes in length of the 
daily light period. This plant will not flower in Cuba until the length 
of the daily light period is shortened to approximately 12 12 hours or 
less. A 12 ^2-hour day length does not. occur at this latitude (23® 
North) iiiilii the first ]:)art of September. Regardless of the time of 
planting, throughout l!ie months from April to August, consequently, 
lolossoining will not take place until September or October. This 
phenomenon is demonstrated in Fig. i. Although the August 21 and 
24 plantings tvere made 43 and 46 days, respectively, after the July 10 
planting, the period of blossoming was practically identical for the 
three plan tings. 

As the rainy season in Cuba generally ends about the last of 
October (Fig. i) and as the day length is. short enough to induce 
flowering during the months of September and October, the most 
reasonable time of planting for seed is during the months of July and 
August. The \'^iekl data presented in Table 3 show that higher yields 
of seed per plant were obtained from the July planting than from 
the August planting. It would appear, therefore, that for maximum 
yields of seed, planting should be done in July. Planting at this time, 
however, allows for approximately 2 months of vegetative develop- 
ment before flowering lakes place; and, as a result; the bottom 5- or 
6-fooi portions of the stems are barren and contain no seed capsules. 
As plantings [ire made progressively later in the season, the portion 
of the stem wliidi is l)arreii becomes progressively smaller, but at 
the stime time .seerl yields also- decrease, due to the fact that the 
plants have a shorter period for development.. If mechanical seed 
hana^stiiig is to l:)e usc‘d in the future, planting can be done anytime 
during the moritlis of July and August, depending upon the require- 
ments of the iimchine and the nature of the plant material with 
which it will work to best advantage.- ' . 

The results of this investigation show that much larger yields of 
seed can be produced by planting in 'eontinuous rows 20 inches apart 
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crease in production of seed per plant with an increase in planting 
distance, but at the same time there was a progressiAT decTeasc in 
yield of seed per acre.. Although the seed yield per |)larit at the widest 
spacing, both in the July and August plantings, was twice as large as 
the seed yield per plant at the narrowest spacing, tliis difference Avas 
not great enough to compensate for the iiiiicli larger r»f plants 

per acre in plantings of the narrowest spacing. Tl'iese data also show 
that the yield of seed per plant became progressively smaller as 
■plantings were made later in the season. Plants in the August 21 
planting yielded approximately i gram, or 26 %, less seed per plant 
than plants in the July 10 planting. This decrease in yield was not 
caused by ■ increased competition among plants in the August 21 
planting as a result of a larger plant population per area of land be- 
cause, for example, plants which were planted three plants to a hill 
spaced 30X 15 inches in the August 21 planting yielded kess per plant 
than did ttvo plants per hill spaced 20X12 inches or 24 X 14 inches in 
the July 10 planting, even though they had a larger area per plant to 
feed from. On the other, hand, this decrease in yield per plant is 
attributed directly to the time of planting a:nd the period following 
for vegetative and seed development in which changes in environ- 
mental conditions occurred. 


Table 5 . — Effect of time and distance of planting on yield of seed of keuaf. 


Planting distance, 
inches 

i 

Seed per plant, : 
grams 

■Seed per acre, 
lbs. 

Plant.s per acre 


Planted July 10 (Harvested Dec, 2) 


20 X 12 

4.28^1,99 

; 507 ±236 i 

^ 53.767 

24. X 14 

5.52 ±1.70 

i 469±144 i 

! 38,581 

30 X 15 

5.32 ±1.50 

339 ± 95 i 

1 28,873 

30 X 30 

8.io±2.37 

1 267± 78 

j L 4,935 

Average 

5.80 dr 1. 89 

395 ±138 

j — ™ ... — 

1 34,039 

Planted Aug. 21 (Har\^ested Dec. 29)* 


20 X 12 

3.36db .92 i 

597 ±i 64 I 

' 80,651 

■ 24 X 14 

4.17 rt 1, 00 1 

532±i28 I 

i 57.873 

30 X 15 

3.89 ± .44 

371 ± 42 

1 43 r 3 i i 

30 X 30 

6.94^1.98 

343 ± 98 

1 ■ 22,402 

.■Average 

j 4 . 59 ±i.o 8 

4.60 dr 108 

I 5U059' 


Planted Aug. 24 (Harvested Dec, 29)-^' 

20 X I .. . , I a-Hdb .75: I . 1,527 =fc353 ] _249,55I_ 

’^■■These plots could have been harvested 2 weeks earlier but time and facilities were not available. 


Although :the' different plots- in the August 21 planting had over 
33% more plants than similar plots in the July :i:o planting, aAverage 
acre yields of only 16% more seed .were produced than these plots. 
By increasing the number of plants to 219,551 per acre, as was done 
in the August 24 planting, yields of 1,527 pounds of vSeed per acre 
were obtained. It logically follows that much larger yields can be 
obtained by planting in July when the yield per plant is highest, using 
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the distance of [ilaiiting that was employed in this investigation for 
the August 24 planting. 

IPiSCrSSION AND CONCLUSIONS 

The (lata |:)res(:‘nted in Tables 2 and 3 indicate readily that the 
time and distance of planting had a decided influence on the yield of 
seed of ibis plant. Of these two factors, time of planting is, perhaps, 
more important than distance of planting as it determines whether 
the crop will be a success or failure. If planting is done at a time when 
the day lengili is suiliciently short to induce blossoming, the plants 
begin flowering when only i to 2 feet in height and relatively small 
yields of seed are produced. Likewise, if a dry period of 4 or 5 weeks 
does not follow blossoming, the seeds germinate in the capsules before 
they can be harvested. For seed production, kenaf must be planted at 
a time when tliere is sufficient rainfall throughout a period of 2 or 3 
months followed by a dry period in which the seeds can mature and 
ripen. 

Along with the special requirement of climate, there is another 
factor which is of prime importance inasmuch as the kenaf plant is 
photoperiodic and is influenced markedly by changes in length of the 
daily light period. Tliis plant will not flower in Cuba until the length 
of the daily light period is shortened to approximately i2>< hours or 
less. A m^ ^-hoiir day length does not occur at this latitude (23° 
North) until the first part of September. Regardless of the time of 
planting, throughout the months from xApril to iVugust, consequently, 
blossoming will not take place until September or October. This 
plieiionienoii is demonstrated in Fig. i. Although the August 21 and 
24 plantings were made 43 and 46 days, respectively, after the July 10 
planting, the period of blossoming was practically identical for the 
three plantings. 

As the rainy season in Cuba generally ends about the last of 
October (Fig. i) and as the day length is^ short enough to induce 
flowering during the months of September and October, the most 
reasonable time of planting for seed is during the months of July and 
August. The yield data presented in Table 3 show that higher yields 
of seed per plant were obtained from the July planting than from 
the August planting. It would appear, therefore, that for maximum 
yields of seed, planting slionld be done in July. Planting at this time, 
however, allows for approximately 2 months of vegetative develop- 
ment before flowering takes place; and, as a result, the bottom 5- or 
6"-foot portions of the stems are barren' and contain no seed capsules. 
As plantings are made progressively later in the season, the portion 
of the stem which is barren becomes progressively smaller, but at 
the same time seed yields also decrease, due to the fact that the 
plant.s have a shorter period for development. If mechanical seed 
iiarvestiiig is to be used in the future, planting can be done anytime 
during the months of July and August, depending upon the requim-. : 
merits of the machine and the nature of the plant material with 
which it will work to best advantage. 

The results of this investigation show^that much larger yields of 
seed can be produced by planting in continuous rows 20 inches apart 
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Fig. I. — Growth and . morphological development of kenaf planted on three 
different dates, with growth records starting from time of germination which 
was about 3 days after planting. 


than by planting in hills at various distances. This planting method 
is readily adaptable to mechanization as 12 -row grain drills with 
8 inches between drills are already being used in Cuba in sowing 
kenaf for fiber production. In using these machines in planting for 
seed production, four rows, 24 inches apart, can be planted at a time 
by closing off the remaining drills. 

Knowing the photoperiodic response of this plant to varying peri- 
ods of da>dight, a recommendation can be made as to the best time 
to plant for fiber as well as for seed production. In the production of 
any bast fiber, it is highly desirable to have long clean stems free of 
branches or fruiting stalks which interrupt the continuity of the 
fiber. Planting, therefore, must be done at the time of year when the 
days are of 12 pi hours duration or longer and remain that way over a 
period of 3 or 4 months. This is necessary in order to prevent iiower 
bud initiation until after the plants reach a sufficient height to insure 
adequate yields of fiber per area of land. As Cuba is located within the 
limits of 20° to 23® North Latitude, the da^^s with i2>i-hour day 
lengths or longer comprise the months of i\pril through August. 
Fortunately, this period also includes the major portion of the rainy 
season. Planting for fiber as late as the middle of July to the last of 
August, however, does not give the plants sufficient time to grow 
vegetatively before flowering begins, and the crop does not reach 
ample height to produce adequate yields of fiber. Planting as early as 
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the first of April in some years would not be possible in Cuba due to 
the fact that the rains might- not begin until sometime in Alav. 
Therefore, plantings for fiber may be made from the beginning of the 
rainy season (April or hiay, depending upon local conditions) until 
the middle cd July. Larger yields of fxber will be obtained from plant- 
ings made during the early part of this period than from plantings 
made later. 

SUM.MARY 

In order to detemiine the effect of time and distance of planting on 
seed yield of kenaf, observations were made at the Cuban Agricul- 
tural Experiment Station on plants which were planted on three sep- 
arate dates and at five different planting distances. Data which 
were collected periodically throughout the life cycles of the plants 
with respect to gixiwth, morphological development, seed yield, and 
environmental conditions are presented in tables and a graph. 

Plant response to time^aiid distance of planting, as measured by 
growth and seed production, is discussed in relation to changes in 
length of the daily light period. 

The following condusions have been drawn: 

1. Time and distance of planting under the conditions of this 
investigation had little influence on the degree of branching in either 
viridis or luil^aris, 

2. Regardless of time of planting during the rainy season, flower- 
ing of kenaf will not take place at 23° North Latitude"^ until September 
or October when the length of the daily light period is shortened to 
approximately i2 j'’2 hours. 

3. Plantings for seed should be made during the months of July 
or, August, but under the conditions of this experiment higher yields 
of seed per plant were obtained from planti-ngs made in July. 

4. For high yields of seed per unit of land, planting should be 
done by drilling in rows 20 to 24 inches apart with 2 or 3 inches be- 
t\¥een plants in the row. 

5. Planting for fiber can be done from the beginning of the rainy 
season (April or May, depending upon local conditions) until the 
middle of July, but it is preferable to plant as early during this 
period as possible. 
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SUCCESSIONAL TRENDS ON A CONSER¥ATI¥ELY 
GRAZED DESERT GRASSLAND RANGE'- 

Horace S. Haskeliy 

R etrogressive succession from a grassland to a desert shrub 
^ type on portions of the: semi-desert grassland area in southern 
■Arizona has been effected by heavy utilization, by range livestock. 
Presumably, under the pressure of continued heavy stocking, the 
more palatable grasses have, been depleted in vigor, density, and 
reproductive capacity. As a result, reduced competition of the more 
■palatable grasses has permitted an increase in the _ less desirable 
grasses and shrubs, coincident with the decline in density of the 
former climax species. Discontinuous stands of perennial grasses 
dominated by mesquite, burroweed, and snakeweed attest the former 
occurrence of a desert grassland type, originally free of high con- 
centration of shrubs and unpalatable grasses. 

The retrogressive trend is arrested if conservative grazing, with 
soil and moisture conservation practices, is initiated. This trend is 
illustrated in the portion of the Page-Trowbridge Experimental 
Ranch (Fig. i) which has been under intensive land management 
since 1923. The present study reports results obtained by use of the 
line interception method, showing the di.fferences in vegetational 
composition and density between am area under conservative man- 
agement and a comparable area of adjacent overgrazed range. 
■Succession trends on the consented range were inferred from, studies 
of localized denuded areas and from a study of variation in composi- 
tion with total grass density. 

THE STUDY AREA 

. The areas conside,red in this studj^ are located 8 miles west of Oracle, in south- 
ern Pinal County, Arizona, at an elevation of 3,700 feet. The portion used to 
study the effects of conservative grazing was the former. Page Ranch, now a 
portion of the Page-Trowbridge Experimental Ranch ; the overgrazed range used 
for comparison adjoins the eastern fence line of the Ranch. Each portion com- 
prises 320 acres. 

CLIMATE 

Climatic conditions of the Page-Trowbridge Experimental Ranch are typical 
of moderate elevations throughout southern Arizona, Precipitation is almost 
entirely in the form of rain and falls during two distinct periods, a warm summer 
period from July through September and a mild winter-spring period from Decem- 
ber through March. The intervening months are characteristically dry with low 
relative humidities. Monthly precipitation and temperature data, l:)a,sed on a 

^Contribution from Departm,ent of Botany and Range Ecology, University 
of Arizona, Tucjson, Ariz. Received for publication May 19, 1945. ' 

“Research Assistant. The writer is indebted to Dr. R. A. Darrow, Associ.'ite 
Range Ecologist, University of Arizona, for his advice and criticism given tliroiigh- 
out this study. To others who aided in this study, grateful acknowledgment is 
given, especially to K. W. Parker and R. H. Canfield of the Southwestern Forest 
and Range Experinient Station for use of equipment necessary for tlie survey 
and also for suggestions as to procedure; to Darwin Anderson of the Division of 
Conservation Experiment Stations, vSoil Conservation Service, and E. L. Beut,ner, 
formerly of the Soil Conservation Service, for the photographs, aid in field work, 
and criticism of the investigation. 
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36-year record, are given in Table i for the nearest station, Oracle, at an eleva- 
tion 800 feet higher than the study area. Interpolation of the Oracle data with a 

short-pei ipci iccord taken by tiie boil Conservation Service indicates a mean 
annual rainlall at tiie Page-Trowbndge Experimental Ranch of 15 to 16 inches. 


SOILS AND EROSION 

The soils 011, the study area are alluvial soils of granitic origin and belong to 
the Reddisli-Brown group (i)L Generally, their surface horizons are of reddish- 
brown friable loam or sandy loam, slightly acid in reaction. The subsoils consist 
of heavy red clay or clay loam with columnar structure which becomes gray and 
distinctly calcareous at a depth of 2 to 3 feet. 


Table i— M onthly precipitation and mean te^nperaitire Jor Oracle, Ariz. 


Alonth 

Precipitation, inches 

Temperature, ®F 

January . 

2.02 

1.80 

l-b/ ; 

46.0^ ^ 
48.2^ 

February. 

March 

April i 

52.5 

59.5° 

67.4° 

77.5'^' 

79.6° 

77.4° 

73 - 3 ° 

63.6° 

54.9° 

46.1^ 

May 

• / / 

'X’7 

Tune 

•0/ 

AO 

July 

'i, 01 

August i 

X Q.X 

September ^ 


October. ^ 

OA 

November, , 

•VH- 

J -57 

2.25 

December 


Annual 

J 19.42 

62.2® 


Soil erosion is more severe on the overused area than on the conserved portion. 
Three washes anastomose near the boundary separating the two areas, with the 
result that run-off water, heavily laden with eroded soil particles from the im- 
mediate drainage area, accumulates in the southeastern portion of the conserved 
area, As,^ shown in Fig i , active development of arroyos is evident on most of the 
washes in the area surrounding the conserved area in marked contrast to the 
heavily-vegetated drainages of the Page Ranch proper. 


PROCEDURE 

Data for density and frequency analyses of the vegetation of the conserved 
and overused areas w-ere obtained the line interception method (2, 3, 4). The 
sample unit consisted of a line 50 feet in length and the representative sampling 
method (3, page 8) was used to obviate the chance of concentrating all samples in 
one part of the area. Each 320-acre study area was subdivided into eight 40-acre 
blocks and 20 sample units randomized within each block. Randomization of 
sample units within blocks was obtained by the random selection of positions on 
tw'o coordinate axes, ^ the southern and western boundaries of each block. Sample 
units were laid out in, a north-south direction at right angles to the prevailing 
slope. 

Table 2 shows the vegetation intercepted expressed in mean feet of total grass, 
forb, and shrul) cover for the eight 40-acre blocks of' both the conserved and over- 
used ranges. The plant population was segregated into two classes based on the 
method of measurement, viz., (a) perennial grasses and herbs, measured at ground 
level; and (b) shrubs, measured on the crown spread as intercepted by the verti- 
cal projection of the line. . . 

Reliability of means in sampling for - each block, was tested by calculation of 
the standard errors by BesseFs fonnula. ' Sampling accuracy was determined from,' 


^Figures in parenthesis refer to. “Literature Cited,’’ p.- 990. 
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the standard errors of the total grass cover and a sample was considered stiffi- 
ciently accurate if the mean exceeded its standard error in Table 2 by 3 or more 
times. Examination of the data will reveal that this was true in most cases 
The accuracy of sampling the shrub cover was tested inia similar manner. ' 
Table 3 shows the vegetational analysis in terms of density, per cent composi- 
tion, and percentage species frequency. Density measurements are the computed 
percentages of the mean ground surface actually occupied by the herbaceous 
plants and the per cent ground covered by the crown spread of the shrubs as inter- 
cepted 021 the line. Composition is the percentage of ground cover contributed by 
each species. Frequency is the percentage of sample units in which a species occuri 

VEGETATIONAL ANALYSIS 

Results of the vegetational analysis of the conser\^ed and overused 
areas during the spring of 1941 are shown in Table 3. Density, compo- 
sition based upon density, and frequency are segregated as to species 
and growth forms. 


CONSERVED RANGE 


The conserved area supports a grassland-desert shrub commu- 
nity. The grass dominants consist of poverty three-awn (Aristida 
hmn'ulosa Henr.), red three-awn (. 4 . longiseta Steud.), and Rothrock 
grama {BotUelouu rothrockii Vasey) which make up nearly 60%. of 
the total herbaceous cover. 

In swales and drainage bottoms cane beardgrass (Andropogon 
barbinodis Lag.) and Johnson grass (Sorghum halepense (L.) Pers.) 
replaces the general dominants and forms dense stands of closely- 
spaced clumps. On the upland areas, grasses of secondary abundance 
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Table 3 . — Density, composition, and frequency of grasses, perenniai herbs, and trees 
and shrubs 07t conserved and overused areas. 



Consen-ed area 

Overused area 

Species 

Den- 

sity, 

% 

Com- 

posi- 

tion, 

07 

/O 

Fre- 

quency, 

70 

Den- 

sitjs 

% 

Com- 

posi- 

tion, 

or 

/€ 

Fre- 

qiiencv, 

/o 


Grasses 


Red three- awn. . . . 

Rothrock grama . . 
Cane beardgrass . . 
Poverty three-awn 
Side-oats grama. . . 
Black grama ...... 

Curly mesquite . . . 

Hair}?- grama 

Johnson grass 

Flu'ffgrass 

Plains bristlegrass . . . . 
Plains lovegrass. . . 

Fleabaiie 

Gaura 

Stephanomeria .... 

Thistle 

Ragweed 

Desert-holly 

Larkspur 

Desmanthus 

Senna 

Pipe vine 

Gourd 

Boerhaavia 

Total 

Burroweed 

Snakeweed 

Mesquite 

Wright buckwheat- 

brush 

Desert broom.'. . . . 

■., Wait-a-minute. . . . 

Prickly pear 

Soaptree yucca 

Cholla 

Bisnaga 

Fishhook cactus. . . 

Catclaw 

Desert- thorn . .... 

Total 


0.65 

3 h.l 

85-3 



3-7 

0.30 

16.8 

75-6 

0.06 

37.7 

394 

0.18 

lO.O 

24.4 

0.02 

12.5 

1.9 

0.15 

8.4 

21.9 

•Is 

:k 

1.2 

0.12 

6.7 

10.6 

— 

— 

— 

0.04 

2.2 

3.7 

— 

— 

— . 

0.04 

2.2 

5.6 

O.OI 

6.2 

1,2 

0.02 

1. 1 

0.6 

— 

— 

— 

O.OI 

0.5 

1.2 

— 


— 

O.OI 

0.5 

2.5 

0.02 

12.5 

4-3 

— ■ 

— 

— 

O.OI 

6.2 

0.6 



0.6 

— 

— 


Perennial 

Herbs 




0.20 

II. I 

8.7 

t . 

!k 

1.9 

0.05 

2.8 

24.4 


* 

0.6 

0.02 

1. 1 

3-1 1 

•k 

* 

2.5 

O.OI 

0.5 

0.6 

— 

— 


* 

* 

0.6 

— 




% 


0.6 







* 

0.6 

— 


— 

— 

— 


O.OI 

6.2 

1.9 

— 

— 


0.02 

12.5 

10.6 

— 



O.OI 

6.2 

0.6 

— 

— 

— 

* 

* 

1.2 

"" 

— 

— 

tit 

•u 

0.6 

1.80 

100.0 


0.16 

100.0 



Trees and Shrubs 


1.98 

52.0 

59.3 

6.38 

75‘0 

98.0 


— 

— . 

0.84 

9-9 

45.0 

0.66 

174 

13.1 

0.76 

9.0 

1 6,2' 

0.64 

17.0 

25.0 

0,02 

O.I 

. 1.2 

0.32 

8.3 

1.9 

: 

— 


— 

— 

. .-™. 

0.18 . 

■ 2A ■ 

1.9 

0,04 

i.i 

3.1 

0.15 

1.8 

1 0.0 

0.05 

14 

1,9 

o.io .! 

. 1.0 

1.9 

0.07 

1.9 

7.5 

0.08 

,0.9 

7-5 

0.03 

0.7 

1.2 

■ 0..01 

0.2 

0.6 

O.OI 

0.2 

0.6 

— ■ 

. ' 



* 

0.6 

1 * 

* ■ 

0 . 6 . 


.... . . 



:k 

0.6 

3.80 

100.0 


8.52 

100.0 
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are side-oats _graiiia {Bonteloiia mrtipendula (Miclix.) Torr.), black 
grama (B. eriopoda Torr.), hair^^ grama (B. hirsuta Lag.), and curly 
mesqitile (Hilaria belangeri (Steud.) Nash). Plains lovegrass (Era- 
grosiis intermedia Hitchc.) occurred frequently in the sample units, 
but since the plants were small in size, the density is recorded as only 
•a trace. 

A few small patches of sand dropseed {Sporobohis cryptandnis 
(Torr.) A. Gray), bush muhly {Muhlenbergia porteri Scribn.), and 
Arizona cotton grass (Trichachne californica (Benth.) Chase) were 
observed, but did not occur within the sample units. 

Forks add little to the sum of the vegetation except during the 
spring and stmimer rainy seasons. The perennial herbs were repre- 
sented chiefly by gaura (Gatira coccinea Nutt.) and fleabaiie {Erigeron 
spp.). As shown in Table 3, gaura has an intermediate percent- 
age composition but a high frequency, due to a large number of 
small plants per line. Fleabane is a larger plant, hence, there are 
fewer plants per line but the density is higher than for gaura. Forbs 
of secondary importance include thistle (Cirsinm sp.), steph- 
anomeria {Skrphmionieria paticiflora (Torr.) A. Nels.), larkspur 
{Delphmiimi scaposum Greene), ragweed (Franseria conferii flora 
(DC.) Rydb.), and desert holly {Perezia nana A. Gray). 

Due to the extremely favorable winter precipitation, a heavy 
cover of spring annuals was present, at the time of the study. Al- 
fileria {Eroditifn ckutarhmi (L.) L’Her. ex i\it.), a rosette-forming 
annual, occurred abundantly. Other annuals such as Indian wheat 
{Plantago fasidgiata MoiTis), goldfields (Baeria ckrysostoma Fisch. 
et Mey. var. gracilis (DC.) Hail), owls clover (Orthocarpus purpuras- 
cens Benth.), etc., also occupied much of the open ground between 
the grass clumps. 

The priiicii:)al small shrubs, buiToweed {Aplopappus temnsectns 
(Greene) Blake) and Wright biiclcwheatbrush {Eriogonnm wrightii 
Torr. ex. Benth.), are similar in height to the dominant grasses. As 
shown in Table 3 these shrubs form 70% of the shrubby cover. 
Ranking next in dominance is mesquite, (Prosopis jidiflora (Swartz) 
DC. var. velutina (Woot.) Sarg.), a small tree which gives a savanna 
aspect. Other desert shrubs of lesser importance include cholla 
{Opuntia spinosior (Engelm. and Bigel.) Toume}^ and 0 . fidgida 
Engelm.), prickly pear (0. engehnami Salm-Dyck ex Engelm.), 
soaptree yucca (Yucca elaia Engelm.), desert broom (Baccharis 
sarothroides A. Gray), bisnaga (Echinocaettis wislizenii Engelm.), 
and fishhook cactus (Mamdllaria spp.). Catclaw (Acacia greggii A. 
Gra.y) occurred on a few sample units (Table 3), but was not a promi- 
nent component of the shrubby element. 

OVERUSED RANGE 

The small, discrete shrubs of the overused area are interspersed 
with scattered large shrubs, small trees, annual weeds, and grass 
clumps. Rothrock grama is the principal grass species, its density 
being only 0.06% but its frequency is 39.4% (Table 3). Cane beard- 
grass forms a meager cover in drainage bottoms and swales, while 
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fluffgrass {Triodia pukhella H. B. K.)' assumes importance on ei'oded 
upland soils. Grasses of secondary abundance are plains bristle- 
grass (Setaria macrostachya H, B.-K.) and curly mesquite.^ 

. The principal forbs on the ovemsed'area are senna (Cassia baukini- 
aides A. GrayX hcabane,. desmanthus (Desnianthus cooleyi (Eaton) 
Trel), gourd (Cucurbita digitata A. Gray), and stephanoineria. As 
shown in Table 3 , the weeds of secondary importance including pipe 
vine {Arktolockia watsoni Woot.und Standi), boerhaavia (Boerhaavia 
spp.), and gaura, vary in frequency and composition depending upon 
their size and abundance. 

Annuals were abundant, as on the consenmd range, the princi- 
pal species being alfileria, Indian wheat, goldfields, etc. 

Dominant shrubs were burroweed, 6.38% density, and snake- 
weed (Giitierrezia lucida Greene), 0.84% density, with prickly pear, 
cholla, and mesquite as important secondary species. Minor shrubs 
include wait-a-minute (Mimosa hiuncifera Benth.), soaptree yucca, 
desert thorn (Lycitmi berlandieri Duiial in DC. var. parmflomm 
(Gray) Terrac.), and catclaw. 

DISCUSSION 

The differences in vegetation on the two areas as measured in 
this study are due principally to consenmtive stocking and range 
improvement practices on the conserved range as contrasted to un- 
regulated grazing on the overused area. On the conserved range, 
natural establishment of grasses was encouraged by the removal of 
unpalatable shrubs by hand-grubbing. The development of water- 
retaining structures such as check dams, dikes, and contour furrows 
on locally-denuded areas aided in the transformation from the xeric 
conditions, favoring desert-shrub development, to the more favorable 
moisture conditions of a well-managed grassland. 

Detailed information is lacking concerning the character of the 
vegetation of the study areas at the time Mr. Page established his 
ranch in 1923. However, it may be assumed that unregulated graz- 
ing of public lands, characteristic in southern Arizona since the late 
1870's, had already caused a marked deterioration in the range 
vegetation by 1923. Since 1923, the vegetation adjacent to the 
ranch has continued to retrogress under sustained heavy use by live- 
stock. As shown in Fig. 2 the conservative grazing of three to five 
head of cattle yearlong by Mr. Page on his 320 acres has resulted 
in the re-establishment of a perennial grass cover approaching the 
climax.' ' " . . 

COMPARISON OF VEGETATION ON THE CONSERVED AND 
OVERUSED RANGES 

^ The Page Ranch, or conserved area, sho-ws a greater density and 
higher quality of perennial grasses than the overused area. ()n the 
conserved range, perennial three-awns (principally red and poverty 
three-awn) comprise 44-5% of the composition, whereas on the 
overused range these occur as trace. Rothrock grama constituted 
37.7% of the composition on the overused area, but in actual density, 
this species is much more important on the Page Ranch. Other 



Fig. 2. — Fenoe lino contrast on the study area. The conserved range (Page Ranch) 
is on the right, the overgrazed range’” on the left. The vegetation shown in the 
photograph on the conserved range is primarily cane beardgrass and mesquite; 
whereas on the overused area it is chiefly burroweed, annuals, and mesquite. 

Table 3 shows a significant difference between the density of 
burroweed, on the conserved and overused areas. On the Page Ranch, 
in the southern and eastern portion of the range, burroweed was 
almost eradicated by grubbing, w^hereas in the northern and western 
portions, little or no grubbing was practiced. The density of bur- 
roweed in this latter portion of the Page Ranch is similar to that 
on the overgrazed area. Once burroweed ^ becomes established, its 
longe\dty and aggressive seeding habits make the species a conspicu- 
ous component of the vegetation even under complete protection 
from grazing for periods of more than 20 years. To effect any con- 
siderable rediictir.)!! in the stand, as shown on the conserved range, 
eradication by mechanical measures is necessary. , . 

The other vSniall shrubs, snakeweed;, and Wright buclcwheat- 
brush, show a.n immrse relationship on the two areas. Snakeweed 
is lacking On the I'onserved area but comprises 9.9% of the shrubby 
cover on the overused range, whereas. Wright buckwheatbrush 
constitutes 0 . 1 % of the composition on the overused area as con- 
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grasses, such as black grama, curly mesquite, slender graina, side- 
oats grama, etc., that foim an integral part of the climax perennial 
co\'cr at higher elevations in the desert grassland belt, occur on the 
conseiu-ed area in limited amounts, and are entirely absent on the 
oveniscd area. Fliiffgrass, a nonpalatable species, makes up 12 =;% 
of the conqiosu.ion on the overused area but only 0.5% on theton- 
servati\xfly managed tract. , '' ' ' 
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trasted tO' 17.0% on. the conserved' range. Snakeweed, is similar in 
habit, .growth form, and -palatibility to burroweed, but is less ag- 
gressive and shorter lived. .'After several years of light or nonuse 
on a range where snakeweed was formerly abundant, the stands 
of this plant have materially diminished. On the other hand, Wright 
buekwheatbriish is a palatable , shrub and maintains itself under 
moderate grazing. Snakeweed and Wright buckwheatbrush were 
likewise subjected to control measures on the Page Ranch, lienee 
the direct influence of conservative grazing as it affects the latter 
two shrubby components is not determinable. 

SUCCESSIONAL TRENDS ON THE CONSERVED RANGE 

The conseiwed range is at present in a subclimax stage, and is 
developing toward the climax. The subclimax character of the area 
is demonstrated by the ' persistent populations of burroweed, par- 
ticularly in the portions of the ranch not influenced by plant con- 
trol measures. Black grama and sub-climax species such as slender 
grama and perennial three-awns are represented by isolated low 
density stands that have not assumed the degree of doniinance 
attainable under climax conditions. 

Species composition and density of sample units containing climax 
and near-climax species is shown in Table 4 in comparison to the 
average density and composition for the entire area. As the latter 
data indicate the general subclimax character of the vegetation 
as a whole, inspection of localized, areas characterized by climax 
and near-climax species may indicate possible composition and 
density trends at or approaching climax status. For example, black 
and slender grama grasses are definite climax constituents of desert 
grassland at comparable elevations in southern ilrizoiia. As shown 
in Table 4, the sample units containing these species have a com- 
position and density of associated grasses similar to that of the aver- 
age vegetation. The average density of slender and black grama 
on all sample units is 0.04%, whereas if the lines containing these 
two species are considered as a separate unit, the density is 1.08%. 
The densities of burroweed and Wright buckwheatbrush are similar 
to that of the average density, but low density of minor shrub species 
creates a low total shrub density on the sample units containing these 
climax gramas. 

Perennial three-awns comprise 45^3% of the perennial grass cover 
on the '.conserved area 'and represent, climax ^components of the; 
desert grassland type. If sample units with a high proportion of 
perennial three-awns are analyzed, grass densities, higher 
average and shrub densities lower than the general average are ob- 
tained. Associated grasses present in such a selected sample do not 
vary widely in composition, however, from that of the general 
average. The total grass density is higher due to the threshold 
value of 2.00% used for perennial three-awns. 

Cane beardgrass is a postclimax species and attains dominance 
in swales and water-retaining areas. The total grass densities of 


Table 4 .- — Density afid composition of grasses and shrubs on sample units conlaining climax and nenr-clnnax species on the consen 






9^8 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

sample areas with this species exceeds that of ^ the average type; 
shrub density is correspondingly lower. Associated grass species 
exhibiting marked divergence' from the average are Rothrock grama 
with reduced, densit}^ and 'side-oats grama with a higher density. 
The latter, species is climax in the higher altitudes of the desert 
grassland type and occupies a postclimax role under the more xeric 
conditions of the conserved area. 

The subclimax nature of the conserved area is not as distinctly 
shown by the shrubby components as by the grasses. Wright buck- 
wlieatbrush is a subclimax species as evidenced by Table 4 which 
shows a' high density of subclimax vegetation such as Rothrock 
grama and burroweed on sample units containing Wright buck- 
wheatbmsh and a correlated low total grass density. The general 
absence of snakeweed confirms other evidence that vegetational 
development is toward the climax, for it is a short-lived perennial 
shrub, and under conservative management is one of the first shrubby 
species to disappear. Burroweed, as previously indicated, is mark- 
edly reduced only by artificial control, hence cannot be used as a 
natural indicator of early progressive successional trends. 

Further evidence of the stages in secondary succession may be 
derived from the relationship between total grass density and indi- 
vidual species density, as shown in Fig. 3. As heretofore assumed, 
secondary succession results in an increase in perennial grass density, 
the site remaining the same. Therefoi'e, localized areas of low total 
density represent lower stages in succession than areas of higher vege- 
tational density. Changes in the relative densities and composition 
of the species on sample units with an increase in total grass density 
as shown in Fig. 3 may be considered broadly indicative of the 
general successional changes taking place on the area as a whole. 

•On the basis of individual species densities (Fig. 3, A), as well as 
per cent composition (Fig. 3, B), the present trend is toward, an herba- 
ceous cover composed of perennial three-awns and the more palatable 
grama grasses on the Page Ranch. On areas with higher densities 
than the present average conditions, density of the perennial three- 
awns and climax gramas tends to increase with an increase in her- 
baceous density. Rothrock grama shows an irregular, but negative 
trend and for cane beardgrass the trend is unifonn. This unifonnity 
of the cane beardgrass is partially due to the sampling, for several 
large areas dominated by this grass were not included in the data. 

Consideration of these changes in composition with increasing- 
density may be observed on localized denuded areas on the con- 
served range. Under favorable moisture conditions these denuded 
areas become covered with an annual vegetation which is invaded 
by the short-lived perennial Rothrock grama. This species is in turn 
partially replaced by the perennial three-awns which may ulti- 
mately form a mixture with other climax grasses. 

SUMMARY AND CONCLUSIONS 

The effects of conservative grazing on a deteriorated desert grass- 
land range (the Page-Trowbridge Experimental Ranch and adjoining 
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Fig. 3. — Total densities of grass and individual species on the conserved area. 
A, leased on individual species densities; B, based on percentage composition. 

area) iti southern Arizona was studied by means of the line intercep- 
tion method. The portion of the Page-Trowbridge Experimental 
Ranch which has been under conservative use since 1923 was com- 
pared with the severely-grazed area adjoining the eastern boundary 
of the Ranch. 
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The results show that by instigating' range conservation on an 
area, undergoing' retrogressive succession, the trend is reversed and 
development toward climax .conditions is initiated. In the desert 
grassland area of soiitliern Arizona, heavy grazing develops a desert 
shrub-grassland community in which burroweed is dominant and 
perennial grasses are widely scattered. Conservative grazing leads to 
the development of a grassland-desert shrub community in which 
the perennial , three-awns, Rothrock grama, and burroweed become, 
dominant in the subclimax condition. 

The climax pei'ennial grasses that normally form an integral part 
of the cover at higher elevations, occur on the conserved area in 
limited amounts and are entirely absent on the overused area. 
Shrubby plants are more conspicuous on the overgrazed range, 
their presence on the conserved area being masked by the herba- 
ceous vegetation. 

The results indicate that the conserved range, at present, is in a 
subclimax stage, undergoing progressive succession toward the climax 
stage. The following conditions are evidence of secondary succession 
following retrogression caused by intensive grazing : 

I. Slight changes in the long-lived, more aggressive invaders. Cer- 
tain portions of the study area appear to be so completely dominated 
by burroweed that it seems doubtful if the climax plants can ever 
gain a foothold, unless artificial means of control are employed. 

■ 2. Disappearance of the short-lived, perennial, worthless plants 
such as snakeweed and weeds. ' 

3. Increase in the more palatable, perennial grasses. Rothrock 
grama, a pioneer species, becomes established first, and eventually 
the site becomes favorable for the establishment of perennial three- 
awns and ultimately the grama grasses and other climax species. 
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THE BEHAVIOR OF THE SELF-COMPATIBILITY FAC 
AND ITS RELATION TO BREEDING METHODS 
IN TRIFOLIUM KERENS^ 

vSanford S. Atwood^ 

1 riTH most self-incompatible plants, controlled 


W iiii luusi bcii-mcumpaiiDie plants, controlled crossing on a 
large scale can be easily accomplished by growing the selected 
individuals in isolation, but with self-compatible plants the problem 
of outcrossing is more complex. In the case of white clover. Tri- 
folimn repens, a self-compatible plant was obsen^ed to produce only 
i9%_outcrossed progeny following “natural crossing” by bees (4),® 
and it was concluded that the amount of crossing obtained under 
field conditions with clones of this type probably would not be ade- 
quate for most practical breeding purposes. Instead it would seem 
to be necessary with self-compatible lines to eliminate the Sf gene by 
controlled matings before attempting to combine them on an exten- 
sive scale. 

.From genetic studies (2) of this character, however, it was con- 
cluded that the gene may be very useful in facilitating inbreeding. 
It was also recognized that the ultimate method of its utilization 
would depend on several behavior factors, none of which was com- 
pletely understood. Recently, some of these factors have been stud- 
ied more in detail, and since no further work along this line is con- 
templated for the present, the principal results are summarized here. 


All self -compatible plants used in these studies were derived from the original 
cross which was used to investigate the inheritance of the Sf gene (2). The unre- 
lated, self -incompatible plants used in certain crosses w^ere selected from open- 
pollinated seed lots which had been growm from a number of different sources in 
order to make fii-st selections based on several important agronomic characters. 

The methods used for testing self- and cross-compatibility in both greenhouse 
and field w^ere the same as those used earlier (i, 2). 


EXPERIMENTAL RESULTS 

The studies were made in an attempt to answer several specific 
questions, and the results presented accordingly. 
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IN A HETEROZYGOUS ‘SfSx PLANT, ARE THE 
TWO TYPES OF GAMETES PRODUCED IN 
EQUAL NUMBERS AND DO THEY 
' function ■EQUALLY' WELL? 

This question was raised when the original Fi and F2 populations 
showed a deficiency of self-compatible, segregates. In both cases 
the Sf gene had been introduced into the progenies from the male par- 
ents of the crosses. It 'appeared that Sf pollen was not as effecth^e as Sg 
pollen when the two were applied together on a stigma which bore 
two other alleles. Since these original populations were relatively 
small, additional plants were growm and self-pollinated in the field, 
generally using eight heads per plant. When it was noticed that the 
distribution of plants within families was not distinctly bimodal 
(Table i), those plants that were considered to be in the overlapping 
range (15 to 60 seeds per head) and a few plants at random from the 
extremes of the distribution w^ere brought into the greenhouse for 
more precise testing. The separation into self-compatible and self- 
incompatible plants for each family shown in Table i is based on 
the results of selfing and of crossing reciprocally with SsSs and. 
S4SS tester plants in the greenhouse. In only i case out of the 15 
plants sampled from both ends of the distributions did the green- 
house test result in a different classification from that given on the 
basis of field, results. Of the 89 plants within the 15 to 60 range in 
average seed set, 80 plants were classified definitely according to 
greenhouse results. The remaining 9 plants did not flower in the 
greenhouse, but most of them were near the extremities of this range 
so there was somewhat less chance of their being AYrongly classified. 
It is obYUous from the distributions shown in Table i that field re- 
sults were not reliable for classifying any except the best and the 
poorest seed setting plants. An average of 32 seeds is the demarcation 
line between self -incompatible and self-compatible plants that gives 
the fewest cases of overlapping (18 plants), but with this cross the 
two types could be distinguished with certainty only after con- 
trolled pollinations in the greenhouse. 

The competitive ability of Sf pollen was tested by comparing the 
results from two types of crosses, viz, (a) using abundant pollen 
(family i, Table i), and (b) using a scant amount of pollen (family 
2, Table i). In order to test the proportion of Sf eggs that would 
function in a heterozygous Sf plant, a third cross was made using 
the self-compatible plant as female (family 3, Table i). In each of 
the first two families there was a deficiency of self-compatible plants 
resulting in the ratio S. L/S. C,, differing significantly from the ex- 
pected ratio of ill according to the X® test (corrected for continuity) . 
On the other hand, the cross using the self-compatible plant as fe- 
male gave rise to a family in which the segregation did not differ 
significantly from the expected i/i ratio. It is concluded that Sg 
and Sf gametes were produced in approximately equal numbers by 
the SsSf plant at least following macrosporogenesis, but when pollen 
from this plant was placed on a stigma bearing two other alleles, the 
Sf pollen did not compete equally well with that bearing Sg. 



Table i. -hrequency distribution, average seed set hi field, total segregation, and corrected for the progeny from three crosses involving a 

heterozygous Si plant and a self-inconipatible plant bearing two other alleles. 
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WHEN AN SfSx plant IS CROSSED AS MALE WITH A 
SELF-INCOMPATIBLE PLANT BEARING DOES 
■ THE Sx POLLEN FUNCTION. BECAUSE OF 
ITS ASSOCIATION WITH Sf? 


The problem is whether Sf behaves like the other alleles in the 
series with a strictly oppositional effect independent of any associated 
alleles, or whether, by its own exceptional behavior it influences the 
oppositional behavior of associated alleles. 

Two types of crosses were used : 


1. SxvSy X SxSf 

2. SxSx X SxSf 


^ SxSf 


SxSf 



In each of these crosses, if only the Sf pollen functions, all progeny 
should be self-compatible, but if the Sx pollen overcomes the op- 
positional effect because of its association with Sf, then some self- 
incompatible segregates should be obtained (as shown by the geno- 
types enclosed in the boxes). The evidence from 17 F2 and no Ii 
plants (2) had indicated that the pollen bearing the same allele as 
that found in the pistil in a cross or self of this type did not function 
to produce self-incompatible segregates. In tests with larger popula- 
tions (Table 2), the distributions of the plants were skewed more 
toward the lower end of the cun^es than those of the self-compatible 
plants shown in Table i, and the average seed set -was significantly 
lower. Part of this difference may have resulted from the reduced 
vigor exhibited by most of the plants listed in Table 2. Some of the 
plants grew so poorly that it was not possible at the end of their 
second summer in the field to isolate from them any viable cuttings 
which could be used for further testing in the greenhouse. In addi- 
tion some of the plants that were obtained did not flower, but every- 
one of the questionable plants that was tested proved to be self- 
compatible, Altogether, 16 of the 30 plants shown in the o to 20 
range in Table 2 as well as 17 at random from the 20 to 100 range 
were adequately tested, and all were showm to bear the Sf gene. It 
is concluded that Sx pollen maintains its strictly oppositionab be- 
havior despite its association with pollen bearing Sf. 

Significant differences were noted (Table 8) between the average 
seed sets of the crosses listed in Table 2, and this behavior is at- 
tributed to the different modifying factors contributed bjr the dif- 
ferent .plants. 

WHEN AN SfSx PLANT IS CROSSED AS A FEMALE WITH A 
SELF-INCOMPATIBLE PLANT BEARING Sx, DOES 
THE Sx POLLEN FUNCTION BECAUSE OF 
THE DOMINANT EFFECT OF Sf? 

This question relates to the effect of the Sf gene in the pistil. 
When Sx pollen is placed on an SfSx pistil, does it function despite 
the oppositional influence of Sx? In preliminary tests (2), using 
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homozygous plants as males, the results indicated that Sf functioned 
as a partly dominant factor in the female parent permitting some 
seed set, but the number of crosses studied was too small to make 
any conclusion decisive. In order to test this hypothesis further, the 
crosses S^^St X S^Sx and S^Sf X SySy were repeated in two j’-ears 
using a total of 74 heads on three different female plants (Table 3). 

Table 3 . — Average seed set from the crosses SxSs X 5x5x and S^Sf X SySy. 


Average seeds per io flowers from, following crosses 


$ 

plants 

Year 

homozygons 
for same self- 
incompatible 
allele as in 9 

d homozygous, 
for different self- 
1 incompatible 
i allele than in 9 

Average 

9-V 

I St 

57 


25-9 

32.4 

19.2 

(SsSf) 

2nd 

6.0 

39.0 

9-VI 

ist 

17.0 

14.5 

26,6 

32.0 

23-3 

(S,Sf) 

2nd 

12.0 

37-5 i 

9 -vn 

1st 

25,0 

20.0 

45-9 ‘ 

43-6 

31.8 

(S 4 S£) 

2nd 

15.0 

41.4 

Average 


36.0 1 

24.8 


In every comparison the seed set from crossing with the male bearing 
different alleles was higher than that from crossing with the male 
bearing the same allele, and the average difference was highly signifi- 
cant (Table 4). On the other hand, the variances due to female 
plants, years, or interaction 9 X cf w^ere not significant. The fact 
that some seed was obtained using S^Sx as male indicated that Sf 
functioned as a dominant factor, but the fact that the seed set was 
significantly lower when using S^Sx than when using SySy indicated 
that the dominance was not complete. 


Table 4.— A nalysis of variance for seed set data shown in Table j . 


Source 

D.P. 

Mean squares 

F ■ 

9 i 

2 

167.18 

3-87 

d 

■n. 

1532,28 

3548** 

Years 

■ . I' •! 

1.92 


9 X cy 

2 ■ 

21.30 

■ 

Error 

5 

43*19 


Total 

11 




**HigWy significant; exceeds F for P « .oi. 
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An attempt was made to test the same proposition, using a hetero- 
zygous male: ■■ : 


SxSf X S^vS,. — S^Sy -f SySf 


+ S.S. + S.Sf 


It only the Sy pollen functions, all self-incompatible segregates will 
be heterozygous, whereas if the pollen also functions, some homo- 
zygous SxS,; plants will be obtained. With the progenies used here, 
the plants greiv and flow^ered poorly, so that only 8 of the 12 self- 
incompatible plants were definitely identified. Since all of these 
proved to be heterozygous, how'ever, it suggests that Sf did not 
function as a partly dominant allele in these crosses. The normal 
oppositional effect was not disturbed by the presence of Sf in the 
female in crosses where only part of the pollen was inhibited. 


CAN HOMOZYGOUS SfSf PLANTS BE OBTAINED, AND HOW 
EFFECTIVE WILL THEY BE? 


In order to utilize the Si gene most effectively, it is desirable to 
have it in the homozygous condition so that when crosses are made 
to incorporate it into unrelated families, all resultant progeny 
will bear the factor and consequently be self-compatible. In the 
search for homozygous plants, 15 first-generation inbreds, all of 
which had come from the original self-compatible parent (9-1 1) 
and all of wdiicli had set large amounts of selfed seed in the field (2), 
were crossed as females in the greenhouse with a self-incompatible 
plant (9-1) which had been shown to have both S factors different 
from those of the inbreds’ parent. The 285 plants (Table 5) in the 15 
resultant families were then tested for self-compatibility by selfing in 
the field, and 7 2 of these plants were checked by controlled crosses and 
seifs in the greenhouse. Only one of the plants which was tested in 
the greenhouse proved to be a contaminant. The remaining four or 
five plants in each family gave expected results, with clear-cut 
segregations that confirmed the field results in every case. According 
to hypothesis, when a heterozygous self-compatible plant is self- 
pollinated, all progeny should be self-compatible, since only the Sf 
pollen should function (2) , but half of the progeny should be heterozy- 
gous and half homoz5’gous: 


&xSf X — ^ SxSf -j- SfSf -j- 


S.S. -f S.Sf 


In four of the 15 test families, no self-incompatible segregates 
w^ere found (Table 5), indicating that their self-compatible inbred 
parents were homozygous SfSf, but segregation into both self- 
incompatible and self-compatible individuals was noted in the other 
II families, indicating that their self -compatible parents were 
heterozygous S^Sf. This 4/11 segregation among the 15 tested Ii 
plants does not differ significantly from the theoretical i/i ratio 
(corr. = 2.400). Likewise, with none of the segregating families 
nor with the total population (112/101) from these ii families does 
the ratio S. I./S. C. differ significantly according to the X'* test from 
that expected on the i/i h3ipothesis. 



Table 5. — Number of plants ^ average seed set infield, and ranges in average and maximum seed set for 

IS families used to lest for StSi parentage. 



4 not segregating . . ... . . .... . . ..... .1 o 1 73 1 — ( 61.2 ! — - I 19.6-124.9 1 - — I 37-196 
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Among the average seed sets for self-incompatible plants in the n 
segregating families, no significant differences were found (analysis 
ii), but with the self-compatible plants, the differences were signifi- 
cant among both the segregating (analysis V, Table 8) and non- 
segregating (analysis VI, Table 8) families. 

No single average or maximum seed set separates self-incompatible 
and self-compatible plants in all 12 segregating families. The differ- 
ences between families in this regard may be caused in part by modi- 
fying factors. 

Of furtlier interest were the ranges in both average and maximum 
seed set within the different families. Distinctly bimodal distribu- 
tions were obtained for both characters in each of the 1 1 segregating 
families, while in the 4 nonsegregating families the distributions 
approximated those of the self-compatible plants in the segregating 
families. There were only seven cases of overlapping in distribution 
of averages ^ between self-compatible and self-incompatible types 
within families, and there were only three cases of overlapping in 
the maximum seed set values. It is apparent that under conditions 
of this sort, using about eight heads per plant, a reliable classification 
into self-compatible and [self-incompatible types can be obtained 
based on either average or maximum seed set. 

When one of the four SfSf Ii plants died and the other three proved 
to be^ nonvigorous and sparse-flowering types, a further test for SfSf 
individuals was made. In this case the plants were derived from inter- 
crosses of the original self-compatible Fi plants or from backcrosses 
between them and their original self-compatible male parent (Table 
6). Altogether, 34 such self -compatible progeny plants were tested 
by crossing them with plants known to bear two other S factors. 
With this progeny test, smaller populations were grown and the seed 
set data were not as satisfactory as those from the first 15 families, 
but they were good enough to allow classification into segregating 
and nonsegregating plants. From one type of cross, a i/i ratio was 
expected, while from the other the expected ratio was 2/1. In both 
cases the obtained segregations fitted the expected according to the 

test. Among the 13 SfSf plants found in this second series, there 


Table 6. — Ratios of homozygous f heterozygous Fi plants and corrected X- for 
additional plants which were progeny tested. 


\ 

Ratios among S.C.F.i plants as 
shown by progeny test 


Type of cross giving risC' 

• to tested progeny . 

1 

Expected 

Obtained 

Cor- 

rected 


Homo- 

zygous 

Hetero- 

zygous 

Homo- 

zygous 

Hetero- 

zygous 


SxSfXSxSf-^S.„S£-l-SfSf 

9 

9 

7 

II 


SxSf X SySf ■ ^ SxSy.T SxSf 4~SySf 
+ SfSf 

5*3 

10.7 


XO;' 
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m^ere some which may prove more desirable than those found at 
first. 

, In regard to the practical utilization of Sf Sf plants in breeding opera- 
tions, it is important that' these plants should transmit both vigor 
and seed-setting ability to their progeny. Some information on these 
problems has now been obtained for the Fi generation. The test 
used in this connection was made by crossing three SfSf plants with 
self-incompatible Jiidiyiduals selected in regular breeding procedures. 
Sixty-nine such families, of from 2 to "10 individuals each (average 
8.1), have been grown and self-pollinated. The average vigor of the 
progenies proved to be very good, surpassing in every case the mean 
of their parents, and in most cases the vigor of the better parent. 
Likewise, from the standpoint of seed set, the SfSf plants imparted a 
tremendous influence on their progeny. Although the 561 plants 
showed a very wide range (Table 7), and although the 69 families 
differed significantly in average seed setting ability (Table 8), the 
average seed set for all plants was significantly higher than that ob- 
tained in any other series in this study (Table 8). No significant 
differences were found, however, between the averages of the fam- 
ilies derived from the three different SfSf parents. For all practical 
purposes the seed set of the Fi plants was very good. Only 1 % of the 
561 plants averaged less than 10 seeds per head, and only i of the 
69 families averaged less than 30. 

Table 8 , — Analyses of variance for seed set data presented in Tables 1,2, 7. 


Anal- 

Families 

i 

Between 

Within 


ysis 

No. 

analyzed 

D/F 

Mean sq. 

D/F 

Mean sq. 

r 

I 

Self -incompatible Plants 
|i,2,3 (Table i) \ 2 \ 76.13 | 

152 

106.79 

0.71 

II 

Eleven segregating 

1 (Tables) 

10 

289.03 

lOI 

735-49 

0.39 

III 

Self-compatible Plants 

|i,2,3 (Table i) 1 2 1 1585-88 1 

57 

736-40 


IV 

4, 5, 6, 7 (Table 2) 

3 

237448 

141 

485-56 

4.89** 

V', 

Eleven segregating 
(Table 5) 

10 

859-14 

90 

343-35 

2.50* 

VI 

Four not segreg. (Table 5) 

3 

2659.10 

68 

468.92 

5.67** 

, VII 

Sixty nine families 

(Table 7) 

68 

7987.64 

492 

1083.50 

7 - 37 ''* 

VIII ' 

Totals III, IV, V, VI, VII 

4 

44971.19 

934 

1366.52 

32.91** 


^Significant; e.Kceeds F for P = .05. 
^^^'^Highly significant; exceeds F for P = .01. 


In connection with the' various tests for these different studies, 
the differences in average seed set among all corresponding families 
were analyzed and tested, for significance '(Table 8). In the case of 
self-incompatible plants, no significant differences were noted in 
either of the two groups of families which were analyzed. On the 
other hand, with the self-compatible plants, significant differences 
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were found in every group of families except the three listed in Table 
I. In this latter case, the three families consisted of crosses made 
in three different ways between the same two parents so there would 
be no reason to expect that the progenies would show significant 
diflierencesin self-compatibilitj^ if they had been adequately vSampled. 
Since significant differences were found in each of the other four 
groups of families and between the grand averages for the five 
groups, it is concluded that modifying factors must have played a 
very important part in conditioning the amount of selfed seed ob- 
tained from self-compatible plants. 

DISCUSSION 

If the Sf gene is to be utilized as. a means of obtaining inbred lines, 
one of the most important considerations is the ease with which this 
gene can be introduced into desirable self-inconipatible lines. Two 
possible methods of introduction are apparent, i. e., either from 
heterozygous or from homozygous plants. Since the former plants 
are more readily available and generally represent a wider range 
of germ plasm, it seemed at first that plants of this sort might have 
advantages. When it was observed, however, that less than one 
quarter of the plants obtained from crosses using a heterozygous 
self-compatible plant as male were in turn self-conipatible, it was 
concluded that this would represent too severe elim.i!:iatio.n in the 
Fi generation. The reciprocal cross gave the expected i/i ratio, but 
it is not as convenient to produce, si.nc€ it means growing more potted 
plants in the greenhouse. 

The second means of introducing Sf, namely, from homozygous 
plants, was found to be more, satisfactory. With the three plants 
which have been used extensively so far, not only were the resultant 
Fi plants very vigorous, but practically all of them set large amounts 
of selfed seed. On account of this behavior one can gnwv smaller Fi 
progenies in order to select the individuals used to start new inbred 
lines. There is the problem of locating homozygous plants, but these 
can be found in both inbred and hybrid progenies, and they can be 
identified by a simple progeny test. 

The method of eliminating the Sf gene, after inbreeding is fin- 
ished, has yet to be worked out in practice. Many suggestions have 
been speculated upon for most of the species in which self-compati- 
bility has been found (6), but in very few have large-scale operations 
proved the practicability of these ideas. If it becomes necessary to 
inbreed for several generations, some plan such as wiis suggested 
for red clover (5) might be necessary in order to preserve some 
heterozygous plants from which self-incompatibility could be re- 
covered. On the other hand, if inbreeding is to be continued for only 
a few generations before attempting to combine superior lines, it 
might be possible to carry a larger number of lines and select only 
among the heterozygous Sf plants which might remain at the end 
of the inbreeding. 

According to hypothesis, all Fi hybrids from an SfSf parent should 
be heterozygous for Sf. In the first inbred generation, 50% of the 
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plants should be heterozygous for Sf, in the second generation 2 5%, 
and ill the third 1.2.5%. If sampling were liberal within each line' 
at tlic end of the second or third inbred generation, it should be easy 
to detect l:>y a i)rogc‘iiy test those plants Mrhich were still heterozy- 
gous for Sf, and all others could be discarded.. If several lines had 
been carried independently, crosses could be made easily to recover 
a self-inconipatiblc Fi, and these could be increased vegetatively to 
be planted as pairs or other combinations under isolation in order to 
produce hyl:)rids or synthetics on a large scale. 

The second and third ciiiestions which were investigated in these 
studies have less relation to the practical methods of using the Sf gene 
as a tool for inbreeding. These questions concern the relation of Sf 
to the fiuietiouing of its associated alleles when the other factors are 
present in both the male and female parents of a cross. This situation 
would only rarely develop in most breeding operations, since the 
series of multiple oppositional alleles in white clover is very extensive 
(3). From a theoretical standpoint, however, it was very Instructive 
to learn that the Sf gene in pollen does not influence the behavior 
of pollen Ixcaring other alleles when the two are mixed on a stigma. 
And in relation to the action of Sf in the female, it had not been 
demonstrated previously that it acts as a partially dominant factor 
when all iK-illeo is the same, whereas it does not prevent the inhibiting 
action of its associated, allele if more than one type of pollen is grow- 
ing in the fiistil. 

SUMMARY 

After further investigations on the behavior of the Sf gene in white 
clover, the following conclusions were drawn fro.m four separate lines 
of study : 

1. In a heterozygous SfSx plant, the two types of gametes were 
produced in approximately equal numbers at least following macro- 
sporogenesis, liut when pollen from such a plant was placed on a 
stigma bearing two other alleles the Sf pollen functioned to produce 
less than one quarter of the resultant progeny. 

2. When a heterozygous SfSx plant was crossed as male onto a 
self “incompatible plant bearing Sx, the Sx pollen was inhibited com- 
pletely despite its association wdth Sf. 

3. In a heterozygous SfSs plant used as female, the Sf functioned 
as a |)art1y dominant factor when all pollen normally would have 
been inhibited (v^xbx) permitting some seed set, but the oppositional 
effetl wa,s not disturbed by Sf when only part of the pollen was in- 
hibited (SxSy). 

4. Following selling or intercrossing, of heterozygous Sf plants, 
honiozyg<jiis vSfSf individuals were obtained 'in expected frequencies, 
and they were detected easily by a progeny test. Such homozygous 
plants may prove very useful in breeding -operations since the ..few 
tested so far have imparted considerable, vigor and good seed setting 
ability to their Fi progenies. 
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THE EFFECT OF PLOWING UNDER AND THE TIME OF 
PLOWING UNDER LEGUMES ON THE CONSERVATION 
OF NITROGENi 

J. W. Tidmore and N. J. Volk^ 

A DEOUA FE ri notints of nitrogen for the maximum production of 
non-k'gununous crops can be added to the soil by plowing under 
siilhcicnt quaniitics of summer or winter legumes in the southern 
United States. Hou-ever, unless care is taken to plow under the sum- 
nici leguines at the light time of the year, large amounts of nitrogen 
released from the decaying legumes may be lost by leaching. High 
temperatures and nioderately high rainfall in the late fall and early 
winter in this region favor rapid decomposition of organic matter 
plowed under in the fall. Winter rains then leach the liberated plant 
food, especially nitrogen, into the subsoil and out of reach of the 
spring crop. 

Mooers (2)'‘ found that tvlieat planted on plots where cow'peas had 
not Ihvu grown, or growii and removed as hay, or grown and plowed 
under produced yields of 15.5, 16.8, and 22.3 bushels per acre, re- 
spect iveha fur a 20-year period. In a later publication he (3) presented 
data to sliow that cowpeas plowed under in the fall resulted in lower 
yields of corn than where the legume was not plowed under until 
spring. 

In his work with lysimeters, Jones (i) found that the time of 
plowing under the various kinds of green manure crops was ex- 
tremely important in terms of nitrogen lost, rate of decomposition 
of the plant residue, and the effect on the following crop. 

The experiment, the results of which are reported herein, was 
undertaken for the purpose of studying under field conditions the 
effect pf spring and fall plowing under of soybeans on the conserva- 
tion of the legume nitrogen and on the yields of succeeding crops. 

PLAN OP THE EXPERIMENT 

Twenty-four i/'6oo-acre concrete bins were built with side walls extending i8 
inches into the ground. The soil wdthin the bins was removed and was replaced 
wdth a w’ell-composited Norfolk fine sandy loam. Plot treatments were replicated 

four times. 

The following six cropping s3^stems were used: (a) Corn followed by cotton. 
The cotton and corn stalks w-ere not removed but were plowed under in the 
spring, (h) Corn interplanted With soybeans and followed by cotton. The soy- 
beans a,tKl corn stalks were left on top of the ground and were plowed under in the 
spiring- Ivefore the cotton was planted. Cotton stalks were plowed under in the 
s|3ring before tlie corn and soybeans were' planted, (c) Corn interplanted with 
soyljeans and follo wed by cotton. The corn stalks and soybeans w^ere plowed under 

^Contribution from the Department of Agronomy and Soils, Alabama Agricul- 
tural Experiment Station, Auburn, Ala. Published with the approval of the Direc- 
tor. Received for publication June 2, 1945. 

-Former Head of the Department, now deceased, and former Head of the 
Department now Head, Department of Agronomy, Purdue University, Lafayette, 
Ind., respectively. ■ . ■ 

^Numbers in parenthesis refer to * ‘Literature Cited'’, p. 1010, 
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in the falhind cotton was planted in the sprine. Cottoji lalks wt-v 1 unfler 

yhh''.' 

^\'ere, 
was. 



the spring before cotton was planted. 

The sol! placed in the bins was sampial and an.ila fur oil atal tuc 1 r)rr,->m' 
matter before any fertilizer was applied, and before 3 nr " ' * ‘ 

the end of the exp 

were made for pH, i:,:iriae 5 i’'c, arul ev, t i 

H, Ca, K, and Mg. . v,uu.jie 


my lemnzer was appnea ann ne.orc 3 ^'r frrps Wi*f ^ 4f 

experiment, the soil in the l.ins -.v,,;: s;>ii.pler; :iir. :r i . 

3H, total N, orgame matter, c-xchanRC c';nai':t\-, a;.,! (.,• .1 

Mg. . ‘ ^ ‘ 

During the first three years the NO;- content of the soil in ilie lOis wa^' clr^tpr 
mined at approximately bi-weekly intervals f xen Xovcrdiir o V* '7 ' iMn 

sive, ' ' - * I - * , 5 , ..atiU” 


RESULTS AND DISCUSStOX 


The yields of seed cotton ttlrtaincd sh.m- definitely (Table i i tint 
spring plowing under of summer legumes w;ts superi-.r t-l nh nvini? 
under in the fall. Approximately loo puun.ds in.ire seeil ention ner 
acre was produced when the suvbcans wnc , it wed umk-r in the 
spnng. The reason for this is readily sect] when tiie data in Table -> 
are studied. It will be notcil thru niirii:e:tfion began as early as 
November and the accumulation of nitrates reached a inaxinMim 
about the first of December. Winter rains ilien leached the n.vunin- 
lated mtrates out of the soil, and by Fcbruar\’ ro all nf (be ^oik 
contained less than 3 pounds of nitrate nit roue !!'] ht tmie lie \nn'I - 
the soils where soybean.s were plowed undei in tlie spring 'lien' to 
accumulate nitrates faster than the soils wluuv s.A-beans were 
plowed under in the fall. Thus, the soybcaiis that were plowed undcr 
m” this warm, humid climate became partially decomposed 
before cold weather, and, consequently, u nnriion of the nitrogen 
was lost by leachmg. Cutting the soybeans and putting iht-’n in a 

iniproyement over Icaidng ihem on top 

The data in Table 2 show that 25.1 pound.s c.if nitrate nitm-ryn nor 
acre were found in the soil on December 8 where .snyheairs wire 

n “ lb How'cvcr. that amount is ilu'- amuum of 

nitidte nitiogcn that accumulated against leaching 'I'lie act uni 
amount of nitrate nitrogen produced iit the soil and lusi by leai'hing 
was undoubtedly m excess of 25.1 pounds, Inrause leachim*- (T 
simultaneously with the produmion of 1 imkes 

fhof to abrnn Dc-eemUT 8 

then production slowed down considerably uiUil the lirs! of Anril 

that nitrare ^ 

MierSsL I,!/ moderate rate eve.n from December to 

S'Ses S cnn.^o« Ijevented the accumulation of the 

nitrates, and, consequently, low readings were obtainerl for the winter 


Table i.—The effect of plowing under and the time of ploiving under legumes on the yields of crops 
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The vetcii plot did not produce as much cotton as the soybean plots 
because tlie cotton was produced. on the vetch residue after a crop of: 
corn had been grown. Likewise, the soybean plots did not produce as 
much corn as the vetch plot because the corn w^'as produced on soy- 
bean residue after a crop of cotton had been grown. It will be observed 
that the com yields are extremely. low on the soybean plots. It is an 
estabJislied fact that soybeans interplanted in corn will usually cut 
the yield of corn about half because of competition for water. Thus, 
no signiiitmnce sliouid be given to the variations in the yields of corn 
shown for the different methods. of handling the soybeans. ■ 

The effect of plowing under the legumes on the chemical composi- 
tion of the soil is shown by the data in Table i. It is doubtful if any 
signi.iicance should be attached to the small variation found in ex- 
change capacit}^, exchangeable H, Ca, and Mg, and pH. It will be 
noted,, hovrever, that growing legumes on the land. and plowing them 
under maintained a higher ler^-el of potash in the soil than when 
legumes were left out of the rotation. These results are in agreement 
with results reported previously by the Alabama Station (4). Prob- 
ably the two factors largely respon^ble for the higher levels of potash 
found are that (a) the legumes extracted potash from so-called un- 
available forms; and (b) legumes prevented the leaching of potash 
during the. raiii}?* winter months (4). 

Proliably the most important effect of the different rotations on 
the composition of the soil was the effect on the amount of organic 
matter found in the soils at the conclusion of the test. Soybeans or 
vetch increased the organic matter content approximately 60% 
when the entire legume was plow’^ed under. But, when the legumes 
were growni on another piece of land and only the tops were applied to 
t.he soil and plowed, under, the orga.nic matter was .increased only 
33%. A simple cotton and corn rotation in which all the corn stover 
and cotton stalks were returned to the soil increased the organic 
matter 15% in 9 years. 

The results for total nitrogen (Table i) show that where legumes 
were plowed under the content of total nitrogen was about 30% 
higher than where no legumes were plowed under. 

SUMMARY 

This investigation was conducted for the purpose of studying the 
effect of the time of plowdng under legumes on the conservation of the 
nitrogen in the legumes, the effect on succeeding crops, and the effect 
on the chemiced composition of the soil. Six cropping systems were 
used in four series of i /600-acre concrete bins. The results may be 
summarized as follows: 

1. Plowitig under soybeans in the spring was superior to plowing 
them under in the fall because in the latter case nitrogen in the soy- 
lieans was lost by leaching during the winter as a result of nitrification 
during the warm fall months- 

2. Soybeans allowed to remain on top of the ground all winter gave 
just as satisfactory results with respect to conservation of nitrogen as 
did cutting them and storing them in the barn until spring. 
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3- The loss of nitrogen by leaching following the plowing unflcr nf 
soybeans in the fall undoubtedly was in excess of 25 pounds pi r -icr ■ 

4. Plowing under soybeans for 9 years had praelicallv Ho efh.ct 
on the exchange capacity, exchangeable H, Ca. and Mg, or pi! of the 

5. Total organic matter was increased about 6oOh over the o vo-t 
period by plowing under legumes every other year 

^ 0. At the end of the 9-year period, soils on which !e<Tumes won. 

?eSiTokguTef that 

literature cited 

^ BuL 137 ; yield of corn. Tenn. &p. Sta. 

^ ing o7' iSum leginnes on the leach- 

Amer. k-. Agron.;32?888-89o! 1941 ^ ^ 


SELF- AMD CROSS-FERTILITY RELATIOMSHIPS II 
LOTUS CORNICULATUS L. AND LOTUS TENUIS 

WALD. ET KIT.i 

Gino a. Tome and I. J. Johnson^ 

I N tlie improvement of plants by controlled methods of breeding, 
one of the prime requisites is a knowledge of the mode of pollina- 
tion of the species in question. In general, the majority of the forage 
crops species are cross pollinated either by wind or by insects. In ad- 
dition to cross-pollination, many of the forage crops species exhibit 
varying degrees of self-sterility. In certain cases, particularly among 
the legumes, the nature of the sterility mechanism has been estab- 
lished. Ill red clover, TrifoUmn pratense (i6),^ white clover, TrL 
folium repens (i), and sweetclover, Melilotus officinalis (7), sterility 
has been shown to be of the personate (oppositional factor) type. In 
grasses, however, the exact mechanism of self-sterility has not been 
established, although a genetic basis has been demonstrated in the 
case of orchard grass, Dactylis glomerata (13). 

Among the agronomically important forage crops are found both 
autopolypioids and allopolyploids. In one species, Agropyron crista- 
turn, diploid and autotetraploid strains are commercially grown. In 
Bromus inermis (9) plants with haploid chromosome numbers of 2 1 
and 28 have been found. It would appear, therefore, that forage 
crops, from a genetic and cytologic standpoint, present a somewhat 
more complex problem in their improvement than the cereals. 

Birdsfoot trefoil has been cultivated for a long time in European 
countries. In 1898, Brand (2) described 60 species of the genus 
Lotus of which only a few have economic value at the present time. 
Some of the species, like L. corniculatus L., L. tenuis Wald, et Kit., 
and L. uMginosis SchkuhT., are perennial, and others, including L. 
hispidus Desf. and L, angusiissimus L., are annuals. 

In the United States, the exact histor};^ of the introduction of birds- 
foot trefoil is not clear. According to McKee and Schoth (ri), L, 
corniculatus was collected as early as 1876 as material for herbariums. 
Biitton (3) described this species in the eastern states in 1907, and 
Nelson (14) listed L, corniculatus among the foreign weeds found in 
Oregon in 1917. Information on the early introduction of L. tenuis is 
lacking. This species has been repeatedly called the narrow leaf type 
of birdsfoot trefoil and confused as an agronomic variety of L. 
corniculatus. 

Silow (15) in his studies on self-fertility of Lotus considered these 
two species as only one but demonstrated a lack of self -fertility in 
both the broad leaf and narrow leaf types. Darwin (4) covered some 
flowers of L. corniculatus and found that a few pods were formed but 
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no seed was obtained: by selling. In a study of the inheritanee of 
cyariogenetic, properties, of L. corniculatus Dawson (5) concluded that 
this species was an autotetraploid.. C3dological stiidies showed that 
■chromosome pairing at meiosis'was usitaHy as bivalents and only 
rarely: as quadrivalents. Dawson- summarized the botanical cliarac- 
teristics of several species of Lotus together with their cliromosome 
numbers. He confiniied the chromosome number of L. coruiadatHs as 
2n = 24' and L. tenuis as 2n' = 12 am.ong collections made in Britain. 

The present investigation was outlined to determine some of the 
basic factors of significance in conducting a breeding program witli 
L. corniculatus and L. tenuis. The major objectives were to determine 
the extent of self- and cross-fertility within and between tliese two 
species, to compare these two species from a morphological and e\do- 
logical standpoint, and to stud^- their possible phylogenetic relation- 
ships. 

MATERIAL AND AIETHODS 

The plants used in the present investigation were grown iron:^ 12 seed lots 
representing American and European origins. A.mong the 12 lots of seed, 8 were 
of the “broad leaf” and 4 were the “narrow leaf” type. In October, 1943, rooted 
clones from 135 broad leaf plants representing all sources of origin and 35 clones 
from tw^o tj^pical narrow leaf strains \vere transplanted to 4~iiich pots and moved 
to the greenhotise. After the clones were well established they were subjected to 
a 24-hour photoperiod by illumination from sunset to sunrise wiih aou-wtui 
clear Mazda bulbs. Under this photoperiod the plants Idoorned profusely ojid 
nearly continuously from Janiiary 15 to A])ril 15. 

Plants were self pollinated by forcing the stigma (ind free pollen thn'mgh the 
opening at the end of the keel, and gently scarifying the stigniatic surface witli 
the pollen-coated flat end of a toothpick. From three to six ficjrets w'cre tripped 
on each of three to four umbels. Selling of each j)lant \Yas continued o\'er a period 
of nearly two months to provide a broad sampling of environmenlal conditions. 
Self fertility was determined on the basis of the percentage of pods set and also 
on the basis of the number of seeds per pod. 

To determine cross fertility the florets w^ere emasculated !>y removing llie oyten 
floral parts with a forceps and withdrawing the free pollen by means of air suc- 
tion provided by a motor-driven suction pump. On the basis of the consistently 
low self-fertility (Table 3) open flow'er emasculation probably introduced only a 
very small possibility for self-fertilization. Cross pollination was accomplishcd”b\' 
applying pollen from a freshly opened flower to the exposed stignui. Sufficient 
checks were made on pollination technic by selfing following emasculation to be 
sure that emasculation, per sc^ did not influence seed setting. In all cases, plants 
selected for crossing were also selfed on approximately the same date to' mini- 
mize possible confounding of environmental factors with fertility. 

The technic employed to double the chromosome ntuiiber of L. tenuis was 
similar to that previously desscribed by Johnson and Sass (8). Seed wms germinated 
on filter papers in petri dishes until the radicle had elongated to i inch. "The young 
seedlings were then oriented on filter papers cut to 2-inch wide strips with the 
cotyledons just extending beyond the edge. The filter paper strip was then rolled 
and placed on end in a beaker with sufficient water to moisten the filter |>aper. 
AHer 2 days of growth at room temperature, the cotyledons had elongated to 
H inch above the filter paper. The roll was then suspended in an inverted position 
and the cotyledons immersed in an aqueous solution of colchicine. Two cont^eii- 
trations were used, 0,1% and 0.05%, with immersion in each for 3 and 6 hours. 
The treated seedlings were then carefully rinsed with tap water and transplanted 
to fine sand in the greenhouse. Three lots of 20 to 25 seedlings were used in each 
treatment. 

Seedling growth was very slow, as is characteristic of Lotus, even though the 
fiats w’ere watered periodically with a complete nutrient solution. Ihvo months 
after transplanting to sand, 19 seedlings with darker green color, broader leaves, 
and thicker stems were transplanted to soil in 4-mch pots and placed under long 
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pliotopcriod. Preliminary examination of autotetraploidy was based on pollen 
diameters jn eoinparison to normal L. tenuis. FinaP verification was made by 
cytologieai eouiits on root tips of cuttings rooted in sand. 

'In c\'tologieal^ technic for^chromosome counts, the root tips were killed in 
chroiiie-acxTic acid mixture (L-raf II) of the following volumetric formula, 

I % cliromic acid . 30 cc 

i 0% acetic acid . .' ^20 cc 

U. S. P. formaldehyde 10 cc 

Water 40 cc 

Aft.er a period of 24 hours dehydration was obtained using the Dioxan and 
N-biityl alcohol series and the material was then imbedded in paraffin following 
the standanl methods. Sections of io microns were obtained and stained in 
iodiiie-gentian violet. ; . ' 

This technic was used to count the chromosome number of both species and to 
verify cliroinosonie number of rooted cuttings from colchicine-treated material. 

EXPERIMENTAL RESULTS ■ 

The data from this investigation will be presented in three parts, 
viB., cytological and morphological differences between L. corniculaUis ' 
and L. tenuis, self- and cross-fertility relationships within and be- 
tween the two species, and the phylogenetic relationship between the 
two species. 

CYTOLOGY AND MORPHOLOGY 

As pointed out in, the literature review (5), L. corniculatus and L. 
teiuiis have been shown to differ cytologically in that the former is 
probalily it tetraploid species with a somatic chromosome number of 
24 and the latter a diploid species with a somatic chromosome number 
of 12. The morphological differences described for L. tenuis fit rather 
closely the characteristics of the commercially ' designated ‘ 'narrow 
leaf” strains of L. corniculafus included in this study. To determine 
if these narrow leal strains were actually L. temds, root tips from 
representative plants were examined cytologically and chromosome 
counts determined. The counts clearly demonstrate that the commer- ■ 
cial designation of the naiTOW leaf strains is incorrect. The naiTow 
leaf .strain had 12 chromosomes in root tips and the broad leaf 24, 
suggesting that the narrow leaf type is in reality L. tenuis. Mitotic 
figures of the two types are shown in Fig. 2. 

The morphological differences between the two species are rather 
definite. The salient diiferences in morphology of the leaves, stipules,^ ■ 
and flower parts are shown in Fig., i and in Table i. 

The most striking difference is ..the ratio of length, to width of, the 
stipules which has given rise'' to the popular description. The species 
L. tenuis is characterized by a narrow leaflet, subtended by lanceolate ' 
stipules, while L. corniculatus has broader leaflets with ovate-lanceo- 
late stipules. The ratio of length to, width of stipules in the former V 
species was found to be 4.0 and of the latter. 1.4. .The flowers were ^ 
found to be 30% longer and 16% wider and the standard i7%,widef 
for L. corniculatus in comparison, with L. tenuis. The shape of the pol- 
len grains is elliptical in both species with diameters, 19.8 X 1 8.0 and 
17.5 X 14*6 microns for L. cor niculatm wad L. tenuis^ respectively. 

^The stipules have been interpreted .also . as basal leaflets in . Bailey ’s,'Manual , of ,■ 
Cultivated Plants. 
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Table i,-— Comparative morphology of stipules and floral parts of 
. L. corniculalm and L. imuis. 


Characters measured in nim ■ 

L. corniciilaius 

L. teams 

Length of stipules. 

Width of stipules 

Ratio of length to .width 

Length of flowers 

Width of flowers ' 

B.i 

•i.S 

! 1-4 i 

i Ifl.o i 

io.8 

nt n 

4.0 

lO.O 

Ratio of length to width 

[ 1 i ' 1 

1.2 1 

9.7 

Width of standards .. h . . . i 

■ ' 1 

1 .0 

7.3. 


Fig. I.— Leaf, stipule, and flower characteristics of L. cornicnkUis, in.oer row 
and L. tenuis^ lower row. ‘ - 

(See Fig 2.) These differences in leaf, flower, and pollen size arc simi- 
lar to those often obtained when diploids are compared with their 
derivatives. _ Since Dawson (5) had demonstrated 
autotetraploid inheritance m L. corniculatus, these morphological 
comparisons suggested that L. corniculatus may have originated 
rom a natural autotetraploid of L. tenuis. Although tetrasoraic 
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chrotiiosome pairing occurred only rarely in this species, it is 
geBerally recognized, as pointed out by Muntzing (12), that multiva- 
lents are not, ahvays associated with autopolyploidy. 

Phiiit measurements and notes were- made at the end of the first 
year of growth on a large number of individuals of both species. 
These data show in general that plants of L. corniculafMs made a 
leafier, denser, and wider spread than those of L. tennis. Differences 
between plants within each of the two species were large in respect to 
all characters, suggesting considerable genetic variability. 

The most common source of variability would be from natural 
crossing between plants. In this respect, a description of the floral 
inorplioiogy is of interest in relation to adaptability of insect pollina- 
tion, The keel of the floret in both species of Lotus is different from 
that in other common legumes {Trifolium spp., Melilotus spp., and 
Medicago spp.) in that the two petals of the keel are fused both at the 
top and bottom. In the three genera listed above the keel is fused only 
at the bottom and when insects (primarily bees) collect nectar or pol- 
len the flower is “tripped’’ when the style and stamens are released 
from the keel. In Lotus, however, the only opening of the keel effective 
in pollen disseiiiination is a very small pore at the tip through which 
pollen and the stigma can be forced by applying pressure on the upper 
portion of the keel. The pointed tip of the keel is packed with pollen 
and when the nectar-seeking insects exert pressure on the flower, the 
anthers and their filaments penetrate further into the tip and pollen 
passes through the keel opening. By increasing the pressure the stigma 
also protrudes and thus may become subject to cross pollination. 

The bee population in fields of Lotus was generally lower than 
in red clover, sweetclover, or alfalfa. Observations in the field nur- 
sery when the plants were in full bloom on warm, clear days showed 
sufficient honeybees actively collecting nectar to account for cross 
pollination. This observation agrees with that of Knuth (10). Ex- 
amination of florets immediately after bee visitation showed that a 
considerable part of the pollen had been extruded from the tip of the 
keel. When a honeybee lights on a flower the tip of the keel is near the 
center of its body thus making a good contact for pollen dissemina- 
tion. The necessity for cross pollination in seed production will be 
shown in the following section on self- and cross-fertility relationship. 

SELF- AND CROSS-FERTILITY RELATIONSHIPS 

Selfs and crosses within species —The self-fertility of 88 representa- 
tive plants of L. comic ulatus and 24 plants of L. tenuis was deter- 
mined, in the greenhouse during January, February, and March. The 
frequency distribution of self-fertility of the plants studied, ex- 
pressed. as percentage pod set and average number of seeds per pod, is 
given ill Table 2. _ I - , - 

Among the 88 plants oiL. corniculatus 78% fell within the o to 5% 
class in percentage pod set indicating a very high degree of self- 
sterility. The plants of L. tenuis were essentially similar to those of L. 
corniciiiatus in this respect with 75% within the o to 5% class. Only 
a few plants in both species set sufficient pods by self-fertilization 
to permit self pollination as a means of establishing inbred lines. 
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Table 2. —Frequency distribution of plants of L, corniculaius and L. ienuis in self 
fertility as measured by percentage pod set and number of seed.s per pod. 


Percentage pod . set 


Number of seeds per pod 


■ Class 
interval 

Number of plants 

Class 

interval 

Number of plants 

L, corniculatus 

L. tenuis 

L. corniculatus 

L, tenuis 

-. 

■ 0-5 

69 

20 

0- .5 

6,1 

iS 

6-10 

8 

2 

.6~i.o 

5 

I 

ii~i5 

4 

0 

I. mi .5 

2 

1 

1 6-20 

3 

0 

1. 6-2.0 

7 

0 

2I~25 

I 

I 

2.i-2.5 

I 

0 

26-30 

0 

i 

2. 6-3.0 

5 

I 

31-35 

0 

0 . 

3 >i" 3-5 1 

I j 

0 , 

36-40 

I 

0 

3.6-4.0 1 

3 

I 

41-45 

2 

0 

4 -I- 4-5 I 

3 1 

I 

46 + 

0 

0 

. _ , 1 

4-6 + I 

0 

I 

Total 

00 

GO 

1 

24 i 

Total 

88 1 

24 


As measured by number of seeds per pod, both species were likewise ^ 
.highly self “Sterile in comparison wdth seed set on cross^pollination, 
(Table 4). Obviously for all plants a high relationsh,ip would exist be- 
tween these two values since plants with zero pod set would also have 
■zero seeds per pod. Among 28 plants of L. cornictdaiiis that did set 
pods the relationship between pod set and number of seeds per pod 
was very poor (r == .320). 

Since the nature of the self-sterility is not known, a study was 
made to check on the possibility of protandry and protogyiiy. Alany 
self-pollinations w'ere made, using pollen from liowers in the bud 
stage on tvell-developed stigmas and pollen from open flowers on 
stigmas in the bud stage. No differences were found since the per- 
centage of self sterility was the same in all cases. It would appear, 
therefore, that self-sterility is not due to unequal maturation of the 
pollen in relation to receptivity of the stigma. 

In no cases did selliiig, per se, take place even though the pollen 
grains \vere in contact with the stigma. It would appear, therefore, 
that the stigmatic papillae must be ruptured to permit pollen germi- 
nation. If this is the case, bees are effective not only in carrying pollen 
but also in scarifying the stigma. The need for breaking the film over 
the stigma to pennit pollen germination has been demonstrated in 
both alfalfa and sweetclover. 

These data would support the conclusion that seed set under field 
conditions is almost entirely due to cross pollination. The obseiuxnl 
variability between plants is therefore due to the norma,! expression 
of heterozygosity resulting from natural cross pollination. A breeding 
program with these two species must therefore follow the pro- 
cedures adapted to self-sterile plants. 

Studies on cross-fertility were conducted parallel with those on 
self-fertility to obtain a comparison of percentage pod set and number 



TOMB AND JOHNSON: FERTILITY RELATIONSHIPS IN LOTUS ■ IOI7 

of seeds per pod. Every plant' in L. corniculatus that had: been self- 
pollinated was crossed with a male parent of the same species chosen 
at random. Sixteen of the 24 plants of L. tenuis were likewise used in 
cross fertility studies. The data on cross fertility given in Table 3 


Table s.-~Freqimtcy distribiitiofi of plants of L. corniculaHis and L. tenuis in cross- 
ferHlity as measured by percentage pod set and number of seeds per pod. 


Percentage pod set 

Number of seeds per pod 

^ Class 

Number of plants 

Class 

Number of plants 

interA?-ai 



interval 




L. cornicidatus 

L. tenuis 


L, cornicidatus 

i. tenuis 

o-io 

0 

5 

0-5 

7 

7 

1 1-20 

0 

2 

6-10 

29 

3 

21--30 

2 

I 

11-15 

31 

3 

31-40 

s 

I 

16-20 

15 

2 

41-50 ■ 

10 

I 

21-25 

5 

I 

51-60 

13 

0 

26-30 

I 

0 

61-70 

10 

0 

31-40 

0 

0 

71-80 

16 

2 




81-90 

5 

0 




91-100 

24 

4 




Total 

88 

16 

Total 

88 

16 


clearly show a much higher percentage pod set and number of seeds 
per pod than that obtained from self pollination. Failure of pod set in 
cross-fertility was obtained for five plants of L. temtis. Since only 
four florets per plant were involved in cross pollination, it is not pos- 
sible to conclude that failure was due to similarity in sterility allels 
in the male and female plant. Duplication of sterility allels might be 
expected to occur more frequently in diploid than in tetraploid 
plants. Unfortunately these crosses could not be repeated to check 
the data since the plants had passed blooming stage when counts on 
pod set were made. Further studies are needed to determine the 
nature of the self-sterility mechanism involved in these species. 

A summary of all pollinations within each species given in Table 4 
shows the geneiml relationship between self- and cross-fertility. The 
average self-fertility value for the two species was nearly identical 
both in percentage pod set and number of seeds per pod. The number 
of seeds per pod in this summary was calculated from the total pods 
set and total number of seeds produced. Therefore zero values for 
pod set do not influence the average seed set per pod. The percentage 
pod set for L, corniculatus was somewhat higher than for L. tennis. 
These values are different from those normally obtained under field 
conditions. In the field nursery where both species bloomed profusely, 
seed setting on L. tenuis was observed to be considerably better 
than in L. cornicidatus . It is of considerable interest to note that seed 
setting under controlled cross pollination was very good for the 
tetraploid species. Such species experimentally produced from di- 
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Table 4.- 


■Average self- and cross-fertility for all pltinis of 
X. corniculattis and X. tenuis. 


Alethod of pollination 

! ■ i ■■ 

i Florets selfed j 

1 or crossed I 
! 

Percentage 
pod set 

Niim!)er of 
seeds per pod 

Selfed . j 

X. corniculatus 

\ 1.940 1 

3-50 1 

3.18 

Crossed.,'.. . . . ^ 

i . 434 

71.65 i 

11.89 

Selfed 

X. tenuis 
i 455 1 

3.29 

1 3-13 

Crossed. 

i S6 1 

50.00 

1 ■ '9. ,22 


ploids are nomially low in fertility, although variation, between 
plants in this respect has been demonstrated (6, 8). Apparently L. 
corniciilaUts has existed as a letraploid in nature for a comparatively 
long period of time, and like other natural autotetraploids (tall oat 
grass, orchard grass, and crested wheat grass) has tindergone natural 
selection for high seed production. 

Crosses between species . — Previous investigations reporting cn'osses 
between autotetraploid and diploid relatives have almost uniwrsally 
shown a lack of seed formation. In maize a few tripdoid seeds occ'asion- 
ally are formed. Crosses were made between the two s|)et'ies of 
Lotus to determine if similar results would be obtained with this 
material. Sufficient recipro('al crosses w-ere made to study the eiTect 
of garnet ophytic chromosome numbers on ovary stimulation. 
The results from these crosses in comparison with intra."Specific 
crosses arc showm in Table 5. 

Table 5. — Comparative cross-fertility of inter- and intra-specific h yh rid i t:, alia n in 
Lotus as measured by per cent pod set and number of seeds per pod. 


Species 

Florets 

crossed 

Percentage 

1 pod set 

Number of 
' seeds per pod 

X. corniciilatus yiL. corniculatus . . . . 

74 

78.2 

12.4 

L. corniculatus XL. tejmis 

68 

1.2 

j 0.0 

X. tenuis XL. tenuis 

34 

66.9 

II. 7 

X. tenuis XL. corniculatus 

34 

61.5 ,1 

0.0 


In these crosses, the same plants were used as female parents with 
the two species to provide a more direct comparison of cross-fertility. 
In crosses between L. corniciilatus X L. tenuis there was a very sliglit 
amount of stimulation resulting in pod formation, wliile in tlie re- 
ciprocal pod formation was nearly equal to that from the intra- 
specific cross. Pods produced from the cross L. tennis X L. cornicu- 
laHis were reduced in size but did not abscise from the raceme, in no 
cases, however, was viable seed produced in the pods fcnmied from 
inter-specific crosses. Consequently, it was impossible to determine 
the chromosome number of the hybrids. 

It is of considerable interest to speculate on the probable reason 
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for differences in pod formation in the two crosses between the specievS... 
On the basis of gametoph3rtic chromosome numbers, the extent of 
unbalance is not as marked in L. tenuis X L* cofniculo^tus as in the 
reciprocal. In the former cross, the chromosome number of the stylar 
tissue is 12 and of the male gamete also 12, while in the reciprocal 
the chromosome number of the stylar tissue would be 24 and of the 
male gamete 6. It might appear that some pollen tube growth causing 
stimulation to pod formation was more favorable when the chromo- 
some number of the stylar tissue and the pollen tubes were the same. 
From the standpoint of chromosome balance in the egg and sperm 
cells, ^ the same degree of differentiation would occur regardless of the 
way in which the species were crossed. In L. tenuis X L. comictilaHis 
the egg ceh would contain one-half as many chromosomes as the sperm 
cell, while in the reciprocal the ep cell would contain twice as many 
chromosomes as the sperm cell; in either case a ratio of 1:2 or 2:1. 
Attempts w^ere made to follow pollen tube growth in the stylar tissue, 
but the technic could not be sufficiently perfected to permit tracing 
the pollen tube growth in the style, 

PHYLOGENETIC RELATIONSHIPS 

From the investigations by Dawson (5) in which tetrasomic inher- 
itance was demonstrated in L. corniculatus and from the counts on 
chromosome numbers of the two species, the question naturally arose 
as to the origin of L. corniculatus. Since these two species resemble 
each other more closely than any of the other species of Lotus, it 
might be postulated that L. corniculaUis could be an autotetraploid 
form of L. tenuis. The differences between the tv7o species in leaf 
characters, flower size, and pollen diameters are in general agreement 
with those in diploids and artificially induced autotetraploids. If L. 
corniculatus was an autotetraploid of L. tenuis, then an experimentally 
produced autotetraploid L. tenuis might resemble the former in leaf 
and flower characteristics and in pollen diameter. The supposed 
natural and the induced autotetraploid might also be cross fertile. 

To test the validity of this hypothesis, an autotetraploid form of 
L. tenuis was produced by colchicine treatment as previously de- 
scribed. Only one autotetraploid seedling was somatically pure for 
the tetraploid condition and another seedling had both diploid and 
tetraploid sectors. The complete autotetraploid arose from young 
seedlings immersed for 6 hours in 0.1% colchicine and the sectored 
individual from 6-hour immersion in 0,05% colchicine. It is possible 
that other autoteti'aploid seedlings occurred among those grown in 
greenhouse flats, Preliminary separation was based largely on leaf 
width — a ^criterion which proved to be in error. 

The autotetraploid L. tenuis plant was verified as having 2n — 24 
chromosomes in root tips produced .on cuttings.. Mitotic, figm‘es :are:^^^ 
shown in Fig, 2. In the method used for inducing chromosome dou- 
bling the original root system should be diploid because the hypocotyl 
was not subject to colchicine treatment. Therefore rooted stem cut- 
tings were necessary to measure the somatic chromosome iiuml^cr of 
the aerial portion of the plant. ■ 
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Fig. 2 . — Upper row, pollen grains X 400, left to right, L. autolelniploid 

L, tenuis, and £. corniculatiis. Lower row, mitotic cell division in root tip.s X 
1000, left to right, L. tenuis, antotetraploid L. tenuis, and L. cornicuhtius. 


The autotetrapioid L. temns did not resemble L. cornicidatus in 
leaflet or stipule shape. Although the leaflets and stipules were 
broader and thicker than those of L. temns, the stipules in particular 
were equally lanceolate as those in L. ienuis. The ratio of stipule 
length to width in the autotetrapioid was 3.2 in com])arison with 4.0 
and 1.4 for L. temns and L. cornicidatus, respectively. It should be 
recalled that stipule shape is one of the most consistent diiTerenc\?s 
between the two species. In flower size, however, the autotetrapioid 
L. temiis was distinctly larger than nomial and approximately e(|ual 
to L. corniculatHs. 

In pollen diameters, the induced autotetrapioid clc>sely resembled 
L. cornictdatiis, but in shape the autotetrapioid was distinctly tri-* 
angular while L. cornicidatus is elliptical. The comparative diameters 
obtained from microscopic measurements were 20.0 X 18.7 and it).8 
X 18.0 for the autotetrapioid and L. cornicidatus, respectively. The 
pollen diameters of normal L. tenuis and L. cornicidatus were previous- 
ly shown to be distinctly different. Pollen grains of the two species 
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and of the autotelTaploicl form of L. tenuis are illustrated in Fig. 2. 

In the comparisons, the autotetraploid fonn of L. temd\ 

rescinblcti L. corniculatHs in some respects but differed in others 
(stipule slKipo). A futnher study of possible similarity was made on 
the basis ot cross-fertility relationships. Only a few florets were pro- 
duced wltich liiiiited the number of crosses that could be made par- 
ticularh' with the autotetraploid as the female parent. The data on 
cross .fertility in Table 6 show a very high percentage of pod set in the 
cross between L. coniiculatus X autotetraploid L. tenuis, and no pod 
formation for the few crosses made with the reciprocal or between 
the autotetraploid and the diploid species. The pods formed in the 
first cross were^ normal in size and compared in all respects with 
those in crosse.s between plants within L. corniculatus. Before thresh- 
ing the pods it w.as assumed that seed set was obtained, but as shown 
in Table 6 no normal seed was present. The pods contained only 

Table 6. — Cross-feriility relationships between autotetrapoUd L. tenuis, diploid 
L. tenuis, and L. cornictdaHis, 


Species crossed Florets Pods Seeds 

crossed set matured 

L, corniciiiainsXiiuXoietvaploid L. tenuis . ... 39 34 0 

Auiotetriiploul L. tenmsXL. cornicadalus . , . 5 o 0 

LXenuis Xiiiitotetra^oid L. tenuis 12 o 0 

aborti\'e seeds ^vhieh were incapable of germination. The percentage 
pod. set ill the cross L. corniculatiis X autotetraploid L. tennis was 
rniich dilTereiii from that between L. corniculaitis and diploid L. 
ientiis (Talile 5}. indicating that doubling of the chromosome number 
had a marked iniiuence oii pod formation in this case. The fact that 
no normal seed wiis olitained throws considerable doubt on the hy- 
pothesis that L. corniculatus is an autotetraploid of L. tenuis. The 
data, however, do not entirely eliminate this possibility. If L. corni- 
culatus has been established as an autotetraploid in nature for a 
considerable period of time, as suggested by its high seed production, 
it may by now lia-ve undergone sufihcieiit chromosome change from 
its possible dipiloid ancestry to be no longer cross compatible with an 
experiiiientally produced autotetraploid derivative of its true diploid 
parentage. 

SUMxMARY AND CONCLUSIONS 

1. Cytological mid .morphological studies have demonstrated that 
tlic two varieties of birdsfoot trefoil called broad and narrow leaf 
axe prof)al.)ly two different species. The narrow leaf type, designated 
iis L, tenuis l.)y Dawson (5) has six pairs of chromosomes and the 
broad leaf type, designatecl as L. cormetdatus has 12 pairs. ■ 

2. Self slcriliU^ witliin the two types was measured by means of 
controlled self-pollination. - In both types high sterility was ob- 
tained as measured by percentage pod set . and number of seeds per 
pod. 
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3. A high percentage pod set and large number of seeds per pod 
were obtained from crosses between plants within each of llie two 

types. 

4. Failure in cross fertility was obtained for five filarii s of L. ienids, 

but sufficient data are not available to conclude that failure was due 
to similarity in sterilit}?" allels. ' ■ 

5. Complete failure of seed set was obtained inywosses between 
the two types. Stimulation resulting in pod formation was found in 
crosses when L. temiis was used as. the female parent ttiit not in tlie 
reciprocal. These results 'were explained on the basis of chrornosonie 
balance of the two parents. 

6 . Differences in morphological characters oliserved in the two 
species were in general accord -with those of diploid and artilieially 
produced autotetraploid plants. 

7. To test the possible' phylogenetic relationship between the 
species, the chromosome number of L.- temtis was doubled with 
colchicine. The autotetraploid L. iemiis did not resemble L, coniicu- 
latMs in leaf or stipule shape. Similarities of flowers and pollen grains 
are undoubtedly present. Crosses between the autotetraploid L. 
iemds, L, tentiis and L. cornietdaUis showed a high percentage of pod 
set in crosses between L. cornietdatus X autotet-raplijid L. tenuis but 
in no case was viable seed obtained. 

8. Failure to obtain seed set may not be final e\*idence that L. 
corniculaius could not have .arisen as an autotetnipluicl of L. fenuis. 
Chromosome differentiation after the natural aut‘)telraplo!d was 
formed may have sufficiently separated this species from an exf)cri- 
mentally produced autotetraploki to render them cross-sicrile. 
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; GREEMHOUSE AND LABORATORY EXPERIMENTS WITH 
NITROGEN-BEARING ALUMINUM DROSS 

■ AS A FERTILIZER^' 

. L. F. Rader, Jr., D. S. Reynolds, and K, D. jAi'iHc 

D ROvSSES containing nitrogen are obtained as waste iimcluel-s of 
the melting and refining of aluminum and aliiininurn alloys. A 
survey made by the writers in the early part of 1943 indicated that 
the inonthly production of these drosses in the United Slates was 
more tlmn 2,300 tons. In view of the' shortage of nitrogen fertilizer 
materials, which existed at that time, jt was considered desirable to 
investigate the suitability of the dross for agricultural use. According- 
ly, greenhouse and laboratory studies were made of the material 
from a number of plants throughout the countiy. 

COMPOSITION OF DROSS 

The melting and refining of aluminum and its alloys requires the 
use of fluxing agents, commonly the chlorides and fluorides of the 
alkali and alkaline earth metals (2, 8, 9, ii)/^ which remain largely, if 
not entirely, in the dross. Tn addition to impurities fkaiwHl from the 
metal charge and from the structural materials of the niclting pots 
and furnaces (2, ii), the dross contains varying cjiiantities of the 
essential elements of the metal charge itself. 

Well-known reactions involving the formation of nitrides through 
interaction with atmospheric nitrogen (7) occur at 'the surface of the 
melt and these nitrides collect in the dross. Though aluminum nitride 
appears to be the principal nitrogenous constituent of the dross, other 
nitrides, for example, the magnesium compound, ma.y lie fireseiit, de- 
pending.on'the character of the melt. Krase, Thompson, and Yee (6) 
hav€^ shown that formation of aluminum nitride by ri'acdion of the 
metal with atmospheric nitrogen is affected by the presence of other 
elements and compounds; in particular, the reaction is favorably 
influenced by small quantities of the chlorides and fluorides of the 
alkali and alkaline earth metals. Some nitrides, notably those of 
aluminum and the a.lkali and alkaline earth metals, react readily 
with water to form ammonia. 

'As reported to the writers, the approximate ranges in the, per- 
centages of certain constituents of drosses produced at several do- 
mestic plants are as follows: ■ . 

A 1 metal.’ ..... ' ' 4-20 . ' Zn. . . . o.s™2.o 

AI2O3. . 38”7o , Mg. , o,o,5""'2.so , 

RContributioii from Division of Soils, Fertilizers, and Irrigation, Bureau ot 
Plairi Industry, Soils, and Agricultural Engineering, xXgricultural Reseai'di Ad- 
ministration, IT. S, Dept, of Agi'iculture, Beltsville, Md. Received for {niljlicruion 
July 25, 1945. 

-Associate Chemist; Assistant Chemist, deceased; and Principal Chemist, 
respectively. Grateful acknowledgment is made to W. L. Hill, C, W. Wliit taker, 
and V. L. Gaddy for advice and assistance in certain phases of the investigation, 
and to A. T. Myers, Division of Fruit and Vegetable Crops and Diseases, for 
spectrographic analyses of several samples of the dross. 

^Numbers in parenthesis refer to **Litei*ature Cited”, p. 1033. 
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Si . 3 Mn . 0.10—0.25 

Fe .o. 75 -^ 3 * 7 o Pb. . ' .Tjace-0.5 ' 

Cu . .......... o. 9-5.0 Sn 0.05-0.75 

In additiuiu the reports from some of the plants showed Ca, 0.20 
to i.36; 2.75 to 5.40; Cl, 4.25 to 8.20; Ni, trace to 0.15; and un- 

stated small percentages of Cr, Ti, P, K, Bi, and P. 

Tweiiiy-oiie samples of dross were ' obtained from 14 widely dis- 
tributed plants operated by seven companies. Material which had 
not l)eeii exposetl extensively to the action of atmospheric moisture 
was requested. The samples as received w^'ere crushed and screened 
through a No. 8_U. S. standard sieve. The coarse fractions ranged 
from zero to 53.8% of the samples. They consisted practically entirely 
of free metal and w’ere discarded. The remaining material was ground 
to pass a. Xo. 60 sieve and was stored in tightly closed bottles. 

Tlie samples were analyzed for nitrogen by a special Kjeldahl pro- 
cedure;^ with results ranging from 0.43 to 10.35% (Table i). It will be 
noted that .there was considerable variation in the nitrogen contents 
of samples from the same plant, as well as of those from different 
plants of the same compan}^ 


Table i. — Nitrogen- conteni of dross. 


Sample No. 

Source of dross 

Coarse material 

Nitrogen, 

Compaii'y 

Plant 

in dross, %* 

%t 

2,189 

I 

a 

9.3 

3.64 

2190. 

I 

a 

13.6 

1.58 

21,91, 

I 

3 . 

10.3 

5*51 

21.92 

I 

b 

3‘0 

6.43 

,2193. * 

I 

b 

1.5 

9.32 

2194 

I 

c 

0.0 

8.43 

2195 

I 

c 

0.0 

S.58 

2196 

I 

d 

7.2 

5*07 

2197 1 

I 

d 

53-8 

6.00 

2,198 1 

II 

a 

i 0.0 

2.03 

2199 - I 

III 

a 

L 0,0 

0.58 

2200 . . . ! 

^ IV 

V . 

I a 

1 0.0 

3.20 

0.73 

2201 . ■ ' 

a 

0.0 

2202 . - • ^ 

VI 

a 

0.0 

^0.35 

2203 : 

VI 

b 

0.0 

9.68 

2204. - . . ^ 

VI 

b 

0.0 

7.83 

2205 ^ 

VI 

c 

0.0 

0-43 

2206. ....................... 

VI 

d 

0.0 

5.06 


1 VI 

e- 

0.0 

1. 19 

■2210. 

1 VII 

a 

0.0 

3.61 

2184... 

! VII ■ ■ ■ 


23.8 

6.76 


'^'Material remaining-; on Xo. 8 sieve, 
fin material pnsdny, Xu. H sieve. 
|.lJiikTiown, 


Six of the (lr(.)sses were analyzed for a number of constituents other 
than nitrof^en (Table 2). Aluminum metal, aluminum carbide, 
alumina, calcium, and magnesium were determined by the pro- 

‘kindly supplied by the Aluminum Company of America, New Kensington, Pa. 
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cedures of the Aluminum Company of America. Staii(i;in.I methods 
of analysis, or. suitable modifications thereof, were used for tlie de- 
tennination of the other constituents. In addition to the eonsiituents 
listed in Table 2, qualitative spectrographic analyses of sarniik's 2 iqj, 
2202, and 2203 indicated the presence of boron, nio]\ bdeinim. 
vanadium, and sodium in quantities ranging from ‘'tracers” upwards. 
Antimony, bismuth, and germanium were not detected. 


Table 2. — Chemical mmposition of dross, percentage basis ^ 


Constituent 

'Sample No, 

2193 



2194 

2196 

2202 

2203 

2206 

N, total. 

9.32 

8 . 4,1 

. 5-07 

iO -35 

9,68 

5 -Ob 

BA 

0.07 

0.04 

0.02 ■ 

0.0 1 

0.23 

0.0 1, 

KoO..,. 

0.00 

0.00 

0.12 

0.03 

0.04 

0.02 

A 1 metal 

540 

8.72 

13.54 

5.00 

8.5S 

39.00 

AlsNat 

27.26 

24.66 

14.83 

30,28 

28.32 

14.80 

AbCg 

0.34 

1-37 

0.84 

0.52 

2.61 

1.66 

AbOs 

43.80 

45.80 

52.60 

44,80 

35.10 

26.30 

Fe 

0.8s 

1.23 

2.17 

0.68 

0.40 

0.90 

Si.-. 

2.26 

2.63 

4 - 3 (> 

2.41, 

0.49 

1.24 

Mg 

2.83 

! 3*53 ! 

3-^15 

1 3*29 ■ 

8.65 1 

3.14 

Ca 

0.35 

0.37 

0.10 

; 0.09 

! 0, U i 

0, 1 6 

Mn 

0.12 1 

0.13 

1 0.12 

I 0.21 

i 0.09 ; 

: 0.27 

Ti 

0.03 

0.06 

1 0.07 

1 0.i6 

' 0.04 1 

0.05 

Cr 

0.05 

0.05 

1 O.IO 

i 0.07 

0.05 ’ 

C 3 .oH 

Cu . . 

1 .84 

2.33 

1 3-o6 

1 0.64 

1 0.85 

: 1.87 

Pb 

0.06 

0.05 

i 0.07 

; 0.07 

j 0.02 

i, 0.00 

Ni. . . . 

0,13 

0.41 

1 0,24 

i 0.22 

i 0 , 1 2 

j 0.21 


♦Material passing a No. 8 sieve. 
tCalculated from the total nitrogen content. 


REVIEW OP LITERATURE 

A search of the literature revealed no data relating to the fertilizing value 
of the nitrogen in aluminum dross, and similar information on aUiiriimim nitride' 
and other' nitrides appears. to be very scanty- 

Hoffman (5) states that Stutzer obtained unfavorable result? with finely 
ground, crystalline aluminum nitride (al 30 ut 28. 5% nitrogen) as a source of 
nitrogen for oats and mustard. The product decomposed very slowly in the soil 
The opinion is exj^ressed, however, that better restilts would be ol>tained with 
amorphous aluminum nitride. Franck (4) reports that the results of his experi- 
ments with aluminum nitride containing 8 to io% of nitrogen show the material to 
htwe direct action as a fertilizer, but he gives no data to support this statement. 
Fichter (3) mentions Franck’s investigations and also says that A. Fischer found 
aluminum nitride to be suitable for fertilizer use. It afipcars, liowever, that the 
details of Franck’s and Fischer’s studies were not puldislied. 

Actx>rding to Stutzer (10), silicon nitride decomposes so slow!}' in the soil 
that jt is of no value as a nitrogen fertilizer. iVllison (j) found tluit little or no 
nitrification of phosphorus nitride occurred in a Susquehanna loam during 75 
days. 

CONDITIONS OF GREENHOUSE EXPERIhlENTS 

German millet and Marglobe tomatoes were growm in the greenhouse experi- 
ments, the first in 8-inch, bottom-pierced clay pots coated with a water-proof 
varnish^and containing Sassafras fine sandy loam (12 pounds per pot) and ilie 
second in lo-inch, side-vented, glazed pots containing Sassafras sandy loam (20 
pounds per pot). Both soils were from the Beltsville Research Center, Beltsville, 
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Mcl., and neither had been in cultivation for 'many years. They were passed 
tliroiigli an 8-mesli screen. 

The glass-electrode pIT values of the air-dry field soils, determined on i:i 
soil-vra-ter suspensions, were 5.0 and 4.5 for the fine sandy loam and sandy loam, 
respectiveha The respective pH values were adjusted initially to 7.0 and" 6.0 by 
additions of cnJciuiii carbonate. During the experiments the moisture content 
of the soil was maintained at approximately 75% of its moisture-equivalent value 
by additions of tap water. 

The pots received a basal treatment of 0-15-10 fertilizer, in which the P2O5 
was derived from ordinary superphosphate and the K2O from potassium chloride. 
The fertilizer was applied at the rate of 2,000 pounds per acre (2,000,000 pounds 
of soil) and mixed_ with all the soil in each pot. In the millet experiment, the 
nitrogenous materials (dross and ammonium sulfate) w’’ere applied at a standard 
rate of 60 pounds of total nitrogen per acre, whereas the standard rate was 80 
pounds per acre in the tomato experiment. In both experiments the nitrogen 
caiTiers were mixed only with the top half of the soil in each pot. 

Aside from the magnesium, in the dross, applications of magnesium were not 
made to the millet and no adverse effects from the lack of such applications were 
noted. With tomatoes, on the other hand, some of the plants developed symp- 
toms, within 12 days after transplanting, w?-hich proved to be caused by mag- 
nesium deficiency. The condition, which vras the most pronounced in plants 
which received nitrogen only in the form of ammonium sulfate, was corrected 
by application of magnesium sulfate at the rate of 33 parts of magnesium per 
1,000,000 parts of soil. To insure freedom from magnesium deficiency, magnesitim 
sulfate was applied to all the tomato cultures. Analyses of six of the drosses used 
in the experiments showed the presence of 2.83 to 8.65% of magnesium (Table 2). 

The millet was planted on April 26, 1943, at the rate of 30 seeds per pot with 
subsequent thinning to 10 plants. It was harvested on June 13 at the early head- 
ing stage. The tomato plants — 4 to 5 inches tall, three plants per pot — were 
transplanted on July 30 and were harvested on September 10 at the ver^’^ early 
fniitiiig stage. The millet experiment was run in duplicate and the tomato exper- 
iment in quadruplicate. In both experiments the positions of the pots were ro- 
tated within the blocks. The harvested plants (total aerial portions) were dried 
in a forced-draft oven at about jo°C and were weighed after they had stood 
overnight at laboratory temperature. 

RESULTS OF GREENHOUSE EXPERIMENTS 

When the drosses were applied in quantity to supply 6o pounds of 
nitrogen per acre, the nine samples tested with millet were i to 33% 
as effective in increasing the dry-weight yields as was the same quan- 
tity of nitrogen in the form of ammonium sulfate (Table 3). The in- 
creases were statistically significant (5% level) with five of the 
drosses. Similarly, two of the three samples tested with tomatoes at 
the standard rate of nitrogen application (80 pounds per acre) were, 
respectively, 2% and 14% as efective as ammonium sulfate, while 
the yield with the third sample was slightly lower than that obtained 
with no addition of nitrogen (Table 4). Only one of the drosses had a 
statistically significant effect on the dry-weight yield of tomato 
plants. ■ ■ 

Wlicn nitrogen at the standard rates was supplied equally by 
ammonium sulfate and dross, the relative yields were not greatly 
different from those obtained with the half-rate applications of sulfate 
alone (Tables 3 and 4). In both experiments the yields with the 
comlfinations of sulfate and dross were in the same relative order as 
those with the standard-rate applications of the respective drosses 
alone. Compared to the half-rate applications of ammonium sulfate 
alone, two of the three samples of dross used with the sulfate on 
tomatoes caused slight but significant decreases in yields. This would 
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Table of dross on growth of miUet. 


Dross 

No. 

Nitrogen source"^ 

Rate of 
application 
of dro.ss, 
per acre, ■ 
■pounds 

Average drt' 
weigiit of ' 
plants per 
pot, grams t 

Relative 
ei'feet of 
nitrogen 
on ]Aarit 
gro will 1 


No nitrogen 

— 

9.7 

— 

— ' 

Ammonium sulfate. ........... 


20..4 

1 00 

2193, 

Dross. • 

644 

10. 1 

4 

2194 

Dross . ....................... 

712 

10.9 

I .i 

2195 

Dross 

699 

! . 9.8 ; 

1 . I 

, 2196 

Dross ■ 

1,183 

i 1 1: .0 

1 12 

2200 

Dross ■ 

J ,875 

i 1.2.6 

!• 27. 

2202 

Dross V .... . 

580 ; 

1 1 1.7 

: 19 

2203 

Dross 

620 

; 13-2 ; 

1 33 ' 

,2206 

Dross 

i,iS6 

12.7 ; 

: 28' 

2210 

Dross 

1,662 

12.5 '1 

i 26 

— 

Ammonium sulfate § 

— 

17.8 j 

i 76 

2194 

Dross, ammonium sulfate^. . . . 

356 ^ 

1 17.2 1 

^ 70 

2202 

Dross, ammonium sulfateY. , . . 

290 ! 

1 17.6 ! 

74 

2210 

Dross, ammonium sulfatef .... 

J 

1 8.5 

82 


^Applied at the standard rate of 6o pounds of total nitrogen per aero except as imheate*! oihor- 
wise. . _ ^ , 

fDifference in. average dry weights required for sigmificance at the 5% level In i .7 7/" r.tins. 
iBased on 100 as the increase in dry weight resulting from ammonium sulfate al fhv standani 
rate of ai^pHcation, 

§Applied at the rate of 30 pounds of nitrogen per acre. 

*|6o pounds of total nitrogen per acre, derived equally from dross and ammoiiiiini sulfate. 


seem to indicate the presence in at least some of the drosses of sub- 
stances having a small depressive effect on, plant gn >wth. 

Dross reacts with superphosphate with liberation oC heat. To cletcr- 


Table 4. — Effect of dross on growth of tomatoes. 


Dross 

No. 

Nitrogen source* 

Rate of 
application 
of dross 
per acre, 
poun,ds 

. Average 
height 
of plants 
■ per pot, 
cm 

Average 
dry weiglit 
of plants 
per pot, 
grams t 

Relative 
effect of 
nitrogen 
on plant 
growth 1 


No fertilizer 

. — _ 

■27.5 

44 

. 

— 

No nitrogen 

. — 

" 5 U 7 

13-5 

— 

■■ — ■ 

Ammonium sulfate . . 

. — . 

64.0 

. 30‘3 

.100 

2193 

Dross 1 

859 

48.3 

1 .^ 3 - 0 . \ 


2202 

Dross j 

774 

49-8 

i 134 i 

1 2 

2203 

Dross 

827 ! 

54-5 

i 15*9 : 

! 14 

i 64 

2193 

Ammonium sulfate § . 
Dross, ammonium 

■ 

60,8 

1 24.2 ■ ! 

2202 

sulfate^; 

Dross, ammonium 

430 

58-3 

21.7 i 

1 49 

2203 

sulfate 1[ 

Dross, ammonium 

387 

59-8 

j 

224 i 

■ j 

53 

sulfate *if 

. 4 H ■■ . ! 

59.8 ! 

1 24.7 I 

i 67 


^ '^Yxjplied at the standard rate of 80 pounds of total nitrogen per acre except as indicaled othcr- 
■wise.' ■ 

fDiffereiice in average dry weights required for significance at the 3% level is 1.52 grams. 
jBased on 100 as the increase in dry weight resulting from ammonium sulfate at tne standard 
rate of application. 

^Applied at the rate of 40 pounds of nitroi^en per acre. 

IfSo pounds of total nitrogen per acre, derived equally from dross and ammonium sulfate. 
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mine whether the fertilizing value of the dross is affected by this re- 
action, several of the samples (Nos. 2193, 2194, 2195, 2202, aliid 2203) 
were mixed with superphosphate and potassium chloride. The mix- 
tures were moistened slightly and allowed to stand for 5 days prior 
to their use at the rate of 60 pounds of nitrogen per acre in pot tests 
on millet. The relative yields were practically the same as those ob- 
tained when the respective drosses, at the same nitrogen rate, were 
applied separately to the soil. 


“ 2 . ,4 . , '8 ^2 

Timt- -weeks 

—Hydrolysis of dross nitrogen to ammonia m aqueous medium. 


HYDROLYSIS OF DROSS IN AQUEOUS MEDIUM 


The rate of formation of ammonia in aqueous medium was de- 
termined for six of the drosses by allowing duplicate 1-gram portions 
of the material to stand in contact with 200 cc of distilled water in 
closed flasks at laboratory temperature (about 25 to 30®C) for i to 
16 weeks. The flasks were shaken for a short time at daily intervals 
during the first 4 weeks and subsequently at longer intervals. 

As shown in Fig. i, there were wide differences in the rates of 
hydrotysis of the dross nitrogen to ammonia, especially during the 
first 4 w^'ceks. The conversion ranged from 3 to 67% in i week, from 
7 to 85% in 4 weeks, and from 46 to 94% in 16 weeks. 


NITRIFICATION OF DROSS 


Nitrification tests of three samples of dross (Nos. 2193, 2202, and 
2203) \¥ere run in the usual manner with loo-gram portions of freshly 
dug, air-dried Chester silty clay loam from the Esther Scott farm 
near Sandy Spring, Md., to which were added i gram of precipitated 


Fig. I. 
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calcium carbonate and 22 grams of distilled water. Aside from the 
control cultures without added nitrogen, all but one set of the cul- 
tures received 30 mg. of total nitrogen in the form of either dmss <ir 
C. P. ammonium sulfate. In the exception, the cultures ivwWcd do 
mg of total nitrogen supplied equally as ammonium sulfate and drrtss 
No. 2193. The cultures, contained in wide-mouth bottles loo.sely fitted 
with screw caps, were maintained at the initial moisture content and 
were incubated at 23° to 28°C. Nitrate nitrogen was determined in 
chlorine-free aciueous extracts of duplicate cultures bj' the pheno! 
disulfonic acid method. The results, with allowance for the riirate 
nitrogen found in the control cultures, are shown in Fig. 2. 



Ftci. 2. — Nitrification of dross and ammonium sulfate in loo-gram cultures of 
Ghestei’ silt clay loam, 


^ Under the conditions of this experiment, nitrification of the dross 
nitrogen ranged from zero to g% in iS days, from 3 to 30% in 4 $ days, 
and from 4 to 42% in 65 days, compared to 34, 92, and 83%, respec- 
tively, for ammonium sulfate alone. Dross No. 2203, which showed 
the highest and most rapid formation of ammonia in aqueous medium 
(Fig. i) and which was more effective than the other drosses in in- 
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creasing plant growtli (Tables 3 and -.4), underwent no nitrification 
in 18 days, but it subsequently exceeded the other two samples in 
this respect., The results obtained with the cultures containing both 
ammonium sulfate and dross No. 2193 indicate that at least some of 
the drosses contain no substances which are harmful to the nitrifying 
organisms. ■ ' ' 

RELATION OF PLANT GROWTH TO HYDROLYSIS AND ' 
NITRIFICATION OF DROSS 

Three of the drosses, which did not differ greatly in nitrogen con- 
tent but showed rather wide variation in certain other constituents, 
notably aluminum carbide, silicon, magnesium, and copper, were used 
in all the greenhouse and laboratory experiments. The results ■ are 
summarized in Table 5. The effect of these drosses in increasing the 


Table 5 .— of plant growth to hydrolysis and nitrification of dross. 


Dross 

Relative effect of 
dross on growth of 

Proportion of dross nitrogen 

Hydrolyzed to 
ammonia in 

Nitrified in 

Sample 

No. 

Nitrogen 

content, 

% 

Miilet=^ 

Tomatoes* 

28 

days, 

% 

56 

days, i 
% 

26 

days, 

% 

6 s 

da^^s, 

% 

2193 

9.32 

4 

“3 

7 

25 

0 i 

4 

2202 

10.35 

19 

2 

50 

65 

6 I 

16 

2203 

9.68 

33 

14 

85 

93 

21 i 

42 


**'Baseci on lOO as the increase in dry weight resulting from ammonium sulfate at the standard 
rate of application. 


growth of millet and tomatoes was, in the ascending order, No. 2193, 
No. 2202, and No. 2203. Hydrolysis of the dross nitrogen to ammonia 
in 28 and 56 days, as well as its nitrification in 26 and 65 days, was uni- 
formly in the same order as the results of the greenhouse experiments. 
It appears, therefore, that the value of dross as a fertilizer is, in gen- 
eral, conditioned principally by the rate and extent of conversion of 
the dross nitrogen into ammonia and nitrate. 

SUMMARY 

Dross from the melting and refining of aluminum and aluminum 
alloys contains nitrogen in the form of nitrides. The nitrogen content 
of 2’ I samples of the material from plants throughout the United 
States ranged from 0.43 to_ 10.35% and averaged S-0S%- 

In greenhouse pot experiments with millet and tomatoes on Sassa- 
fras fine sandy loam and Sassafras sandy loam, respectively, the 
dross was oidy i to 33% as effective in increasing the dry-weight 
yields as was the same quantity of nitrogen in the fomi of ammonium 
sulfate. There were indications that, some, samples of dross contain 
substances which may have a small depressive effect on plant growth. 
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The effect of dross on plant growth was directl}^ related, in general 
to the rate and extent of conversion of the nitrogen to in 

aqueous medium and to its nitrification in a. Chester silty Cay loam. 
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MORPHOLOGICAL VARIATION IN POA PRATENSIS L. 

AS RELATED TO SUBSEQUENT BREEDING BEHAVIORS 

D. C. Smith and E.' L. Nielsen- 

E xtensa E investigations in recent years have established the 
importance of apomictic seed formation in several Poa species. 
Progeny studies of Poa pratensis L. plants derived from individual 
panicles have shown var^dng degrees of uniformity to exist in mor- 
phological characters. Generally, the predominating type, has' been 
assumed to be associated with apomictic seed formation while variant 
plants have been thought to arise as a result of sexual reproduction. 
It has also been thought that variant or aberrant plants within a 
1 orogeny would be more likely to produce progenies with higher 
percentages of aberrants than would the predominating or normal- 
type plants of the same progenies. The reliability of morpliological 
ciassilication in predicting subsequent breeding behavior is of inter- 
est in improvement investigations with Kentucky bluegiass since 
strains capable maintaining a practical degree of uniformity might 
be desired. 

Fetv studies have been reported of progeny breeding behavior 
lieyond the tlrst generation following plant selection. Tinney and 
Aaniodt (4)'’^ suggested that the progeny test might well be used as a 
eriterioii of the method of reproduction. Myers (2) reviewed the gen- 
eral pnddem and pertinent literature and prevSented results of second 
genoratif)!! progeny tests to check previous classification. He con- 
cluded that such tests were desirable to determine the adequacy of 
parental classith'ation into aberrant or nonnal type, though, in gen- 
eral, secc.md generation results served to verify first generation tests. 
It was also observed that variant-type plants tended to produce 
higher |iroportions <jf sexual plants than sister-parental or normal 
types. . 

METHODS AND MATERIALS 

The results of the present studies are based upon observation of 45 strains 
having the following origins: 

9 lots from O. A. C. No, i, Guelph, Canada 
6 lots from O. A. C. No 2 , Guelph, Canada 
15 lots from W. H. Wright, Ottawa, Canada 
15 lots from local collections in Wisconsin 


*Contrilnition No. 202 from the Department of Agronomy, University of 
Wisconsin, hladison, Wis., in cooperation with the Division of Forage Crops and 
Diseases, Bureau of Plant Industry, Soils and Agricultural Engineering, U. S. 
Dept, of Agriculture. Published by permission of the Director of the Wisconsin 
Agri<mliural Experiment Station, Received for publication July 26, 1945. 

"Pn>fessr>r of Agronomy, Wisconsin Agricultural Experiment Station, and Asso- 
ciate Agronomist, Division of Forage Crops and Diseases, Bureau of Plant Indus- 
try, Soils and Agricultural Engineering, U. S. Dept, of Agriculture, respectively. 
First generation progenies were observed by Dr. O. S. Aaniodt, formerly Professor 
of Agronomy at the University of Wisconsin, and the late Dr. F. W. Tinney, 
Assistant Agronomist, Bureau of Plant Industry, U. S. Dept, of Agriculture. 
The writers are indebted to the Statistical Laboratory of the Wisconsin Experi- 
ment Station for aid in the statistical calculations. 

^Figures in parenthesis refer to ^‘Literature Cited”, p. 1040. 
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Tlie Ivpes from Guelph and Ottawa, Canncl'i. cnighiated sniue 

previoiiy 'sck‘C‘tion. The first genenitiun progenies i rum rnriatliaii wore 

]Ha)pugated iroiii htilk lots. Other data ritiorltd arc based upon oah.Oiwl 
plant progenies from siK-b lots. T'uo^e pi ogenith plev eloped to , to WisMrosni 
eolleetions represented random panicles taKeii in Ir.ree widely soparafed IrMcal 
areas of the state. 

The numbers of plants in- progenies grown varied from 1 6 to 24 in tlie dilTereiit 
years, thottgli in any one season the numljer was generally nnifonn for all pro- 
genies. The data obtained were based upon the cxaniinabon r,i ida.nts in their 
second growth year in space-planted nursery mltures. The terlmics of germiig 
ating seeds and 'establishing individual plants ha\'e been tlesenbed ely< uht'rei^i. 
The basis for classification of plants as normal or aberrant was relative cf)!i.. 
fonriity to the predominating type: with respeiT to appearance wl'icni growing 
in the field. A number of specific characters, including growth habit, aggrcssi\*f- 
ness, leaf width, color, culm height, vigor, and disease reimtioii, were considered. 
Doubtful Aaifianls were not included in the calculations. J n a larger groii|j of 
progeny trials these uere about 14% of the total number of |>laiits. 

Results have been secured for four successive generaliuiis. tH'iser’caticms for 
the first generation were made by F. W, Tinney and O. S. Amiiodt wlio originally 
esta!)lished the bluegrass l)reeding project at Madison. Wis. Siil.tsequeni results 
were obtained by the present writers. By necessity, dma for tlie fourlli gencraTi«'m 
])rogenies are greath’ reduced in scope and accordingly represent unb; n small 
sample of the possible segregating families. 

REvSULTS 

Though 45 families having four dihereiu origins wi^iv simhod, 
consideraiion of cat'h in deltiil is inipriii'tii'alficr It is retdiziah h* twivvr, 
that the use of averages may tend to ol)seure individual uu tgvu y 
trends which niight be of consideral'de interest mid that o|)n*isile 
tendencies might counterbalance to a large extent. The rcsulis are 
presented principally as generalizations based upon iIk* aviiMge 
progeny behavior. Individual families of siteeial interest will be fhs- 
cussed. It should be emphasized also tliat all families were imt studied 
in equal detail. The numhers of rirogenies ft.»r the several general i* ms 
and the av^erage percentages of normal and aberrant |')laiiis for each 
are shown in Fig. 1. Four families were omitted from the averages 
shown because they were not grown in all genenitions. Almoin 570 
progenies, including approximately it. 400 plants, were oliserved. 
Results of four generations of testing a progeny of a single seed lot 
arc shown in Fig. 2. After the first generation each progeny was grown 
from a single panicle. An examination of Fig. 2 shows a wide range c.f 
variation to exist when progenies from normal and aberrant plants 
are grown. Also, there appears to be very little similariiy among 
sister progenies. 

The high percentage of normal types a|)pearing in llie first genera- 
ti(m tests is based upon classifications made by Ihnney and Aaniudi. 
Individuals vary greatly, no doubt, in their judgments as to simi- 
larity of types; however, the a\a-Tage differences i)euvt‘cn thi* values 
for the first and subseciuent generations are large. 

The frequencies of ]m)genies of entirely uniform or of entirely 
diverse plants in the several generations are shown in Table nit may 
be noted that the occurrence of unifonn or variable ]')rogeny is wry 
irregular in proportion of the totals. It is also apparent tliat relatively 
few plants produce progenies entirely uniform in type. 
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Table i. — Frequencies of completely normal and completely aberrant progenies in 
several generations of testing of Poa pratensis families. 


Genenition 


Aberrant percentage 


Tirst.'.'. 
Second . 
Third. . 
Fourth . 


zero 

100 

Total 

progenies 

2 

0 

■ 41 

0 

9 

I 16 

16 

21 

288 

4 i 

17 

; 71. 


Wliile the iiveragcs presented in Fig. 1 are of interest in sugg-cstiiig 
a\''crage !)reeding behavior, relative differences are important only 
wlien considered in light of their signiiicaiice. The refills suggest 
certain questions, those of principal interest being: (a) Do progenies 
from plants classified as normal among their sisters tend, as an 
average, to be more uniform than those from plants classified as 
aberrant? (b) Do such relations appear to be consistent from genera- 
lioii to gencratioii (c) Do comparisons within individual families 
verify the cctnclusions based upon average behavior? 



(41) 97 *,3" 



( 37 ) 70 o 6 


"a (37) S9«4 


H (79) 43 


(79) 66.7 


^ 31 (62) 

'-A (62) 27.1 - 
(29) 45.2 - 
'-1 (29) 64,8 - 
(67) 86,6 -- 
(67) 34.4-«: 
43 (140) 47.9-^ 
A (140) 62,1"^ 


''I ( 2 ) 

-A ( 2 ) 20.8 

-1(1) 71,4 
' 1 ( 1) 28.8 

-H (S) 66,3 
-A (S) 3S,7 

(1) 64,0 
-A (1) 46,0 

-Sr (3) S7,l 
(S) 82,9 

-I (11) 36,8 
~A ( 11 ) 63*2 

-H (19) 60,7 
-A (19) S9,S 

-H (SI) 48,9 
-A (Si) 51.1 


Ficl 3 .---Diagrriinmatic outline of average percentage segregation of 41 progenies 
of Poa pratensis into normal (N) and aberrant (A) types. iShmibcr in parenthesis 
represcTifs total fn’ogcnies involved in the average. 

To ])rovide critical tests of these points, percentages of normal 
plants were asseml;)led into eight groups based upon their origins and 
the generation in which they were obtained. The class distinctions 
have no sigiiifuTinec other than to make replicate groups among 
progenii'S ijrising from normal and among those arising from aber- 
rant phints and for different generations. It may be seen by referring 
to Fig. ,i that eight classes might be made for comparative jxirposes, 
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using N and A to indicate the normal or aberrant origin and the 
iranibers t, 2, 3, or 4 to designate the last two generations. Those 
are NN12, NNN23, ANN23, and. NN34 .(all directly from normals) 
and A,Ni 2, NAN23, AAN23, and AN34 (all. directly froni aherrants). 
Thus, for example, NNN23 represents third generation data for 
progenies from normal parents and grandparents and AN34 indicates 
the fourth generation clata from plants aberrant in the immediately- 
previous one, whatever the- earlier pedigree may have been. The cdii- 
sqiiarc test for homogeneity of within-elass variances resulted in a 
value of 12.94 with 7 d. f., and a value of ■ P between .10 and .03. 
Subsequently, the analysis of variance was utilized to determine 
whether any differences existed among .classes. This is presented in 
Table 2. 


Ta,ble 2. — A ftaiysis of variance of several classes of progeny based 
iipon breeding behavior. 


V ariation. 

d.f. 

ariance 

F 

Between 

Between A.N' and NN 

I 

36715 

ojrfs, 

41.58** 

Within NN ...... 

Within AN .■ .■ i 

3 

562 

1014 

2.41 

1.15 

Within ' , . . 

883 



Tot’als 

569 




■♦*E.xcee< 1 s .01 point. 


I'ablr 3, — Mean per ceniage values of normal plants for progenies from several 
groups classified according to breeding behavior. 


, Normal from, .normal 

! Normal from aberrant 

1 

.GtouP i 

No. 

progenies 

1 

Percentage 

t 

Group 

progenies 

Perc^entage 

NX12. . . . 

1 56 

i 

i 60.3 

AN12. .... 

^ 135 

46.4 

XX34 

1 28 

i 58.3 

AN34- . ■ . ■ 

60 

45-1 

NNN23.... 

j 53 

! 73-3 

NAN23. . . . 

^ 29 , 

56.8 

A\N 23 .... 

i . 

1 62,9 

xA,AN23. ... 

144 

47.6 


Tile F \'alues in Table 2 indicate that differences within the AN 
and XX groups are not significant, while those between these groups 
are highly sigiiiiicanl. With a. least significant difference based upon 
tile .05 point, all groups directly from aberrant parent plants were 
signil’iimnly lower in percentages of normal progeny than were those 
from normal sister plants (Table 3). 

The (lata indicate that, on the average, the types reproduced 
apomiX’ii'ally tend to give rise to progenies more uniform tha 1 those 
from alxaTant ])lants, or that the tendency toward uniformity, is 
transferred from generation to generation. It is evident, however, 
that tl'iis relationship is not marked and that the average percentage 
of alxirrant plants is high in both types of progenies. There is also 
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little indication that selection for normal types has served to in- 
crease the constancy of the average progeny (Fig. i ). 

Sufficient numbers of progeny tests of three families were awtilaVile 
to compare the behaviors of individual families. Exce]}1 for rctjuiring 
sufficient numbers of progenies, the families were unsck‘( ted. I'hird 
generation data for each were segregated into XN and A\ grnujis. 
The analysis of variance for families and for these grfiups is given in 
Table 4, 


Table 4. .—Analysis of varimice of progenies of three families when class (tied for 
aberrant and mrnial type freguency.. 


Variation 

d.f. 

, Variance I 

F 

Hptivpen 


1 66o- ‘ 


Families 

§ 

330 I 

< I 

Groups in S37-IP . 

I 

6005 j 

7.9S** 

Groups in S37~38p 

I 

437 1 

<1 

Groups in VS37-55P. ; 

I 

ri 97 1 

1.59 

Groups NN23 and AN23 

I 

1973 1 

,2.62 

.Families in NN23 

2 

2837 i 

3 */ / 

Families in AN 2 3 1 

i 0 

325 ; 

<1, 

Within 

1 92 

7 53 1 


Total 

i 97 

t 



and exceed .oi and .05 points, respoctivelsx 


The F values for comparisons of groups witliin families indicate 
that only in family S37-.rp did a signiiicant dilTcrence exist in the 
breeding behavior of aberrant and normal plants. Thi^ r(‘S|.>ective 
mean percentages of normal types were .40.3 and 75.4^'r^ tbi former 
being based upon 16 progenies and the latter upon 7. Family S37-3HP 
was highly heterogeneous, live of 35 progenies showing rom|')1ele 
variability, i. c., no two plants were morphologically alike. The mean 
difference bettveeii progenies from aberrant and normal plants tvas 
not great. 

The variance analysis indicated also that the families within the 
NN group differed significantly in percentage of normal types devel- 
oped from normal parent plants. The respective mean values for 
the families as listed were 75.4, 41.2, and 60.2%, only the extreme 
values being significantly different. Consequently, it seems apparent 
that families may be expected to vary considerably in breeding 
behavior in any given trial. 

^ Comparing tendencies of aberrant plants to produce progenies 
either all aberrant or all normal, 29 pt'ogenies fn.)m aberrant plains 
were entirely aberrant whereas 14 progenies from such l\*pes tvere all 
normal Thus, an aberrant plant is more often likely to produce com- 
pletely aberrant offspring. Normal plants produced normal pro- 

genies 5 times and one normal plant showed \oo% segregation in its 
progeny. These comparisons show again the relative tendencies for 
normal and aberrant plants to produce uniform progenies of the 
mother type. 

^ No families showed complete uniformity for two successive genera- 
tions or more. With small numbers of plants per progeny much varia- 
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tion might be expected. Considering ist, 2nd, and 3rd generation 
values, certain of the families showed percentages of normai plants as 
90, 0 1 , 08 : 98, 0 1 , 100:99, 87, 81 : 98, 79, 88; roo,"83, 75; 100, 87, 87 ; and 
99, 96, and 59, respectively. These were the most constant families 
studied. Xinc families showed complete aberrancy for two successive 
generations. It might be expected that sister aberrant plants within a 
iirogeny would produce progenies greatly different in their percentages 
of nerm;il types. Accordingly, the previous summary of tendencies is 
not based upon all sister progenies from any parent but only some of 
those in which the indicated instances agreed with the parental elassi- 
fi, cation. 

Gonsideriiig the 475 averages of the segregations of the second, 
third, and fourth generation progenies that are summarized in Fig, 
I, the average of all. segregation was 54-5% normal tvpe. This may 
be compared with the values in the upper line that approximate 70% 
for behavior of progenies from normal plants. The present analysis 
has been developed from studies including disproportionate frequen- 
cies of progenies from normal and aberrant plants as Fig. i indicates. 
Accordingly the average percentage segregation, 54.5, is of little 
significance in representing a random sample of a population of 
Kentucky bluegrass. 

DISCUSSION 

It should be noted that in the present work the original parental 
type's have not been grown adjacent to their progenies as a means of 
checking similarity Instead the predominant type of the progeny 
has been designated as the normal, since apomictic reproduction 
niiglit be expected to be the most reasonable cause of identical 
individuals arising within a progeny of Poa pratensis. 

The results the investigations reported upon have served to 
W'lify the obserwition by earlier workers that aberrant tyxoes in 
progenies predominantly normal are likely to produce progenies 
relatively high in aberrant plants as compared with progenies from 
normal sister plants, i. e., those of the predominant type. It has been 
shown, however, that this is a very general relationship and excep- 
tions occur witli sufficient frequency to make the operation of the 
rule of little value in predicting in a specific manner the probable 
breeding behavior of any particular family. It is suggested also that 
the progeny test may be considered only as an analysis of the type 
of seed production of the parent plant. This would indicate that the 
plieiiomenon of apomixis is in itself relatively unstable, or that its 
inheritance may l;)e somewhat independent of the sexual characters 
eonsidt're<l in classification of plants as normal or otherwise. Milntzing 
(]) suggested that apomixis might be controlled by a number of 
genc'S o])('rating to allow apomixis, the disturbance of which might 
result in iiu'*n‘ased sexual reproduction, 

I'^air agnamient was found by Myers (2) in the relative luiiforniity 
of prrigcnics rif selected plants compared with that of the parental 
progenic'S. Ca.'nerally similar results were obtained in the present 
studies. Upon the l)asis of the results- reported, however, it appears 
that tlie determination of the method of origin of the parent plant 
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by a test of its ptdgetiy is a procedure of questiotiable value, llie tilti- 
niate (|iicRtiruis might'be (a) how accurate is a morpbologic*al ebissili- 
cation ill estahlisliiiig relative similarity under held conditions, and 
(Id may plants identical in general supedicial charactiTS |>nsscss 
different a|)omictic potentialities liccaus? ni relatively simple giniii* 
effects? ^ 

Several workers have iioted that sexually prodiK*ed plants in 
apomic'tic families were usually lower in 'vigor than the normal iy|)es. 
This has also been observed by the present writers. Under turf con- 
ditions, siudi weak plants might be submerged by the greater vigor 
of the normal types and, : within, reasonable limits, have little rela- 
tion to mass productivity. Providing -a superior selected strain repro- 
duced primarily by apomixis, a fairly high frequency of si'xiial repro- 
duction would prol3ably not often be noticeable in mass seedings nor 
would it impair the practical value of the strain for pasture and turf 
purposes. If sexually produced plants were of equal or cjf greater 
vigor and productivity than the parent type, conipetilion or re- 
placement might follow. There is also the possibility that competi- 
tion among types in ageing sod might greatly reduce an initially 
high percentage of Au-iriability. 

S'U'MMARY 

1. Studies of the progeny bclnn’iors of 45 families of Poa praiensis 
were conducted for four generations. The original Icks represtuiled 
selected siniins and plants from pasture collections. A])oiil 570 pro- 
genies, including approximately 11,400 plants, were obsi’rved. 

2. Progenies from plants ■previously clavssified as aljerrant were 
generally higher in proportions of sexual '.or aberrant types than 
those from normal sister plants. 

3. Seledion for normal or apomictic types and tlieir propagation 
from seed did not appear to be highly effective in the elimination of 
the tendenicy toward sexual reprocluction, 

4. None of the families observed slio'wed complete uiiiforniity 
of type for two successive generations. 

-5. Classi'ficatioii of sister plants -for morphological similarities and 
differencess is not ciosety indicative of the breeding beha\’'ior in 
subsequent generations when specific progenies are considered, 

6. Apomictic seed formation in Poa praiensis appears to be a rela- 
ti\^(‘ly iinimedic'table character. 
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SOIL SAMPLIMG TUBE 


T ii E wri t ers have been working and " experimenting wit h s< n 1 
sampling eqtiipmeiit for lo 3 ^ears trying to find a satisfactory t.ype 
for sampling average field soils 'for routine chemical and niechanioal 
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analyses. One of the most satisfactory tubes found to date is repR‘- 
scritcd in the drawing shown in Fig. i. This tube is made of hard st aiii- 
less steel or hard brass, the primary feature being that the cIk ikt*cl end 
or drilling point cuts a core of soil just slightly smaller tliaii the bore 
of the tube. When the tube is inverted the contents slide out . The i 
works satisfactorily for moist clay and sandy soils alilae It is not 
difficult to vSink the tube 20 to 30 inches deep into the a\a.Tag(‘ soil. 
(3ne can. then lay the soil profile along on a paper for study, if tlesired. 
This tube is not entirely satisfactory for stony or exirenit'h' dry sfdls. 

The tube is not too difficult to manufacture. A steel c'ore is brazed 
or welded into the sampling end and hand gri])s on the otlier end. 
This can all be accomplished in a welding- shop in a few minutes. 
The point is then filed or ground down -to about a to degree angle, 
If the tube is ground down, care must be exercised to pnwem heat 
from separating the weld. The cost of tubing and welding varies in 
various sections, but is reasonable. 

This tube differs from available tubes in simplicity of construction, 
differently designed point, and is easy to twist into the soil bw hand.-- 
JacksonB. Hester and Kenneth Hankinson, Riverfoit, Keu^ferscy, 


BOOK REVIEW 
THE STORY OF LINEN 

By William F. Leggett. Brooklyn: Chemical Publishing (la, /an. 
103 pages. TQ43. $2.73. 

T he history and economic aspeds of linen prcdiulifui are tnt*H'd 
through the ages in this interesting little volume. Tlu/ author’s 
skill and style make the book especially readal:)lc des|>iio the fact 
that his viewpoint is that of the textile technologist,. Agron* Hiiists may 
deplore the faet that little is presented concerning the details rsf early 
flax culture. The chapter on flax might hava been slrengilient‘d by 
the inclusion of somewhat more material on the agronumic aspects of 
the production of the crop. Incidentally, an eiTor crept in when fiax 
seed was described as green in color. 

The book should be welcomed as a definite conlribution by agroiaw 
mists who are interested in the utilization of fiber crops. Persons who 
teach or those who concern themselves with the history of ero]> grow- 
ing may readily profit from the fruits of Mr. Leggett’s resciirch. 

Although the greater part of the book deals witli llie falwication of 
linen and its human implications, other bast fibcTS .such as ramie, 
hemp, sisal, and jute receive brief treatment under the headings W 
addcrida.^The bibliography has merit because it in(‘1iid<‘s sources of 
infomiation not commonly dra,wn upon by agronomists. All in all 
this book is distinctly worthwhile, — H, B. Hartwig. 
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REPORT OF THE JOINT COMMITTEE ON THE NATIONAL 

SOIL SURVEY 

T he Joint Committee on the National Soil Survey was organized 
in 1942 to discuss and formulate policies having to do with soil 
survey activities by both Federal and State agencies. Its first report to 
the Secretary of xAgriculture and to the Land-Grant College Associa- 
tion in 1943 was highlighted by the approval of a three-way memoran- 
dum of understanding between the Bureau of Plant Industry, Soils, 
and Agricultural Engineering, the Soil Conservation Service, and the 
vStates as well as the approval of the correlation and inspection pro- 
cedures that were mutually agreed upon by the Soil Conservation 
Scn'ice and the Bureau of Plant Industry, Soils, and xAgricultural 
Engineering. This procedure was approved by the Secretary Novem- 
ber 28, 1942. Since the 1943 report, several major devdopnients 
have occurred that needed attention by the Committee. 

(i) The rapid development of the Soil Conservation Districts 
and the decreases^ in personnel, as a result of the w’'ar, created the 
serious problem of meeting the sun^ey demands without too badly 
impairing the objective of providing basic information on our soil 
resources. This problem was given careful consideration by the Com- 
mittee at its nieetiiig in Washington in xAugust, 1943. At that meeting, 
semidetailed or “utilitarian” surveys were approved as an emergency 
measure provided that such surveys “still maintain the standards of 
C|uality necessary to ensure that surveys will contribute to the per- 
manent inventory of the nations soil resources.”'*' In these surveys, 
soils were tc) be mapped in groups with the thought that such group- 
ings woubl be adequate for the development of farm plans by the 
Soil Conservation Service. 

A set'ond short-cut procedure, not discussed at this meeting of the 
Committee, was followed in some areas later in an attempt to meet 
the demands for mapping. This consisted of the mapping of soils on a 
farm-to-farm basis, rather than by complete coverage of large areas, 
such as counties or districts. 

(2) The basic information provided by these short-cuts had cer- 
tain weaknesses for the development of comprehensive farm plans, 
especially for those involving measures other than erosion control, 
and for many other agricultural programs. 

(3) The mechanisms for carrying out the coiTclation and inspec- 
tion procedures gradually broke down. 

These dewdopments made it necessary that the Committee at- 
tempt to resolve the problems that arose in terms of a more nearly 
permanent solution. For this purpOvSe, the Committee met in Cin- 
cinnati in Jill}', 1944. A rather frank discussion of the problems de- 
veloped the tael that there were certain fundamental causes for the 
difficullies that the different agencies W'ere experiencing. These causes 
were as follows: 


■^See I'jag'c 4 of minutes of the National Joint Committee on Soil Survey dated 

August 12, 1943 - 
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1„ The lliree agencies have different objectives in the sc^il survey 
work. 

(a) The objective of the Bureau of Plant Industry, Snils, and 
Agriculiural Engineering is to study the more pmaiiaiiciit and 
basic propiTties of soils in both field and laborat^iry lu develop 
a S3-sieni of classification, mapping, and interpret at ion of wid- 
est'possible permanence and usefulness to all interested in any 
of the iiunierous uses, agricultural and otherwise, !«) wliicii 

' soils nia}?' be subjected. 

(b) The objective of the Soil Conservation Service is, primarily, to 
provide soil maps and reports that will serve as ti liasis for 
planning on individual farms. The Soil Consenaition Serxite 
is mainly interested in erosion' control and water i^oriservation. 

(c) The objective of the States is to provide bases for thc‘ research 
and educational programs within. the State, by means of soil 
classification and productivity studies, anel by maps and re- 
ports of the soil resources. The States are interested in a wide 
variety of' uses. 

2. The funds available to the Bureau of Plant Indiisiry, Soils, and 
Agricultural Engineering and the States have been inadi‘ijuate for 
them to carry their responsibilities in the eo(')perai ive soil survey 
program witli the Soil Conservation Service. Part of the funds neces- 
sary for i'orrelation and ins])eetion were trail sfern'd from the Soil 
Conservation Service to the Bureau of Plant Industry, Soils, and 
Agricultural Engineering. 

3. The rapid organization of Soil Conservation Districts made it 
impossible to provide detailed soil maps with sufficient ra|iidily to 
meet the needs of the farm planners. The conscHfuent adi>ptic)n i)i 
modifications in legends and procedures designed to accelerate Xho 
rate of mapping introduced problems difficult to soh'c. 

This meeting also brought out several suggestions for an aini(\abk* 
settlement of these problems. To permit a more timrougli consid- 
eration of tile proposals by the Committee and to obtain reactions 
of other members of the interested agencies to these suggestions, 
further action was postponed until a meeting of the Committee in 
Washington in August, 1944. These proposals were discussed at 
length at this meeting, but no decisions were reached. The Committee 
was called together again at the time of the Land-Grant College 
meetings in Chicago in October, 1944. Although only a few of the 
regular members were able to attend this meeting, the group seemed 
to be getting closer to a solution. 

After some interim work, the Committee assembled in Washington 
on January 10 and .11, 1945. It was not long before a solution was 
proposed which received the unanimous approval of the Comniitlee. 
In developing a basic plan of operation it was agreed that the Slates, 
the Soil Corivservation Service, and the Bureau of Plant Industry, 
Soils, and Agricultural Engineering should promote a united program 
of fundamental work adequate to meet the needs and objectives of the 
different agencies. These fundamental principles were accepted by all : 

1. A national coordinated program of soil classification is basic 
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to the work of all agrictiltural agencies, both State and Federal, that 
are eoiicerned with research, education, and action programs dealing 

with land. 

2. A strong nationally coordinated Soil Survey program that will 
serve the previously mentioned objectives of all agencies is needed. 

3. Adequate appropriations must be made available to the Agri- 
cultural Experiment Stations of the States and to" the Bureau of 
Plant Industry, Soils, and iVgricultural Engineering, as well as to 
the Soil Conservation Service, if each agency is to carry out efficiently 
its functions and objectives in the work required in the over-all 
national program. 

In a discussion of the type of survey it was agreed that the survey 
method is an essential technique for obtaining information necessary 
for the accomplishment of many objectives, and that these objec- 
tives may be of a research, extension, action, or operational nature. 
It was also agreed that it is desirable to accomplish these objectives 
as far as possible wdth one survey. The fact w^'as brought out and 
agreed upon by all that the soil surveys now being made on a farm 
unit basis are not accomplishing all important objectives. The present 
semi-detailed (or “utilitarian'') surveys are also not entirely ade- 
quate for the development of all necessary programs and are not 
making the desired contribution to the basic soil classification and 
mapping program. It was recognized that it is impossible to make 
basic surveys ahead of all farm planning operations in the more 
than 1100 ciistricts throughout the nation. 

The Committee then agreed that a basic detailed soil survey 
of at least one representative county (or agricultural part of a west- 
ern county) in each area or group of counties having similar soils 
and, farming systems wmuld serve as a basis or guide for the farm 
planning of the entire area. It was agreed that surveys of such repre- 
sentative counties would serve as a temporarily satisfactory compro- 
mise between the large immediate needs for detailed surveys and the 
limited facilities for meeting them. '■ V 

A plan to make full use of the information thus provided was 
agreed upon. The farm planning technicians would be trained to 
recognize the individual soils and their significant characteristics 
affecting soil productivity, use, and consenmtion by using the soils 
infoniiation from this representative county. They would use all 
existing soil information, including available soil maps, in their 
planning. Then we would have one basic survey for any county. After 
the first C‘ouiities w^erc completed, the other counties would be sur- 
veyed as rapidly as personnel and funds permitted. Individual farm 
maps would l:)e made b^^ technicians of the Soil Conservation Service 
in, areas not covered by basic surveys and would be designed for farm 
planning only. These farm maps would not be a part of the bavSic 
soil survey. 

It is proposed tliat the Soil Conservation Service place a col- 
laborating soil scientist with the State Agricultural Experiment Sta- 
tion. This soil scientist w’-ould be technically responsible under ap- 
proved work plans jointly to the Director of the Station and to the 
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Chief of Reseureh of the Soil Conservation Service, and he would I'le 
administratively responsible 'to the Chief of Research of the Soil 
Conservation Ser\nc,*e. He would be a member of the staff of both the 
Experiment Station and the -Soil Conservation Service. 

The eollaboratory SoiLScientist 'would cooperate with the rc‘pre- 
sentatives of the State Agricultural Experinient Station in pkiiining 
and carrying forward Soil Conservation Service iiitcrest.s in a well 
coordinated "program of basic, soil surveys' for the State. .He wnnld 
cooperate with representatives of the State Agricultural Experiment 
vStatioii and of the Bureau of Plant Industry, Soils, and Agricultural 
Engineering in developing legends for the basic‘ surwys and would 
be technically responsible for the Soil Conservation vServiivSs par- 
ticipation in these surveys. It would be his responsibility, in c,*oopera- 
tion with the State representatives, to see that the informatiiin from 
these basic surveys and from other existing surwys is ra's-speriy used 
as a guide for farm planni.ng work by the Soil Conservation Service 
in other parts of the area. Comparable arrangements ])etween the 
Soil Conservation Service Research Division and the States have been 
satisfactory. 

As under the existing procedure, in the basic soil survey areas the 
States and the Bureau of Plant Industry, Soils, and Agri^/'iiltural 
Engineering shall be responsible for all soils inspection and t'orrehuion 
work involving the mapping of soil types, phases, am:! related physical 
features but it will be the joint responsibility of all three (‘ooperating 
agencies to see that the classitlcation and nomenelature arc aecairate 
and that t,h.e maps and standards of mapping are adetjualc* h,)r the 
purposes of the survey. On the basis of these principles die fvTowing 
plan was developed: 

T. Procedure to c‘over the present vsituat ion: 

(a) Basic soil surveys will first be made upon a n'|>rcscinati\'e 
county or counties with similar , soils and types o( fanning, as 
mutually agreed upon between represen la lives n{ the Slate 
Experiment Station and the Soil Conservation Scrx’iee and 
with the concurrence of the Bureau of Plant Indusirx*, Soils, 
and Agricultural Engineering. The soil classification developed 
for the representative counties will serve as a standard of 
interpretation for near-by counties having similar soils and 
types of farming. As soon as the field work of a soil survey is 
finished, suflicierit copies of the field sheets will be reproduc'ed, 
as max’ be mutually agreed upon, to serve agricultural workers 
in that area. The respectme States and the Bureau of Plant 
Industry, Soils, and Agricultural Engineering will have the 
primary responsibility for the inspection, eorrelatiom and 
nomenclature of these basic surveys with the Soil ConservatTxn 
Service cooperating. When the State has an organized sxn] 
survey, the State will hiWQ responsibility tor tec'hniixil 
organization of the basic soil -surveys; however, in States where 
no soil-suivey leader is available, the State Agrieultunil Exper- 
iment Station, the Soil Conservation Service, and the Bureau 
of Plant Industry, Soils, and Agricultural Engineering xxdll, by 
mutual agreement, designate a man in each State xx'ho will 
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iKiw major t.eHinical responsibility for organization of basic 
sr>i1 siirvcA's. When 'these counties- are. finished, basic surveys 
will I )e made of the other counties of the area with the objective 
of r*onipleting the basic soil survey' of -the: United States as 
!'ai.ti<]ly as possil)le. Continued participation by the Soil Con- 
siTX'ation Serxice in these later sun^eys will depend upon their 
needs. 

(b) Since ii is ne<‘essary for the Soil Conser\?^ation Service to have 
a suil scientist in each of the States where any considerable 
nnmlic'r of siireao's are being conducted, this representative 
v:il] l)c given authority to plan jointly with other agencies the 
technical features of the. surew program of the Soil Conserva- 
lion Sivvice within the State and within that State he will be 
i\‘C‘. siGiizc/d as the authoritative technical representative of 
llie St hi Conservation Service on surveys. 

(e ) 1 1- will lie the responsibility of the Soil Conservation Service Soil 
Scientist to cooperate with representatives of the State Agricul- 
tural Ex])crinicnt Station in interpreting and utilizing soils 
infra'mrnirm. The planning technicians will utilize not only 
the liasie soil information they gather from the representative 
eouiUiy but also all soils information available in the counties 
ill whiidi tliey will work, including present soil maps. Maps of 
indix'idiial farms will be made by Soil Conseivation Service 
teihnicians in cooperation with the State Agricultural Experi- 
ment Static>m under the general supervision of the Soil Scientist 

tlK' Soil Conservation Service assigned to the State, and 
witla iut the regular procedure of inspection and correlation as 
defined for the basic surveys. These maps will not be considered 
a part of the basic soil survey of the United States. 

If the information provided by the basic surveys of reprc- 
sentativ(‘ counties and by existing soil surveys does not provide 
an alcfiuate guide for the mapping of individual farms by 
Soil Conservation Service technicians or for interpretation 
of individual-farm maps, a reconnaissance soil survey of the 
area involved, or basic detailed suiweys of sample sections, 
may lie made in accordance with the procedure described for 
basic, surveys. 

(d) Funds for the correlation and inspection work of the Bureau 
' of Plant Industry, Soils, and Agricultural Engineering, will 
continue to be provided, for the present, partly by transfer 
from the Soil Conservation Sertdee to the Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

(c) Results^3f the basic suiweys will be published cooperatively, 
as set forth in the existing memorandum of understanding. 

(f) Frequent review of and agreement upon the relative scope of 
the basic soil survey program by the responsible heads of the 
(cooperating F'ederal and State agencies will be needed to insuic 
an adequate, balanced' program. 

2, Procedure for a long-time program: 

The long-time program would proceed as at present with the excep- 
tion that more funds would be provided in direct appropriations 
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to the Btifcau of Plant Industry, Soils, and Agricultural Eiigincoriiig 
and to the States to enable them to discharge their full share of 
responsibilities. 

3. Implementation of procedures: 

(a) Action immediately needed: . 

1. Administrative steps necessary in the Soil Conservation Ser- 
vice to carry out the proposal of plac*ing the tCiiiiuc'ai n*- 
spoiisibility of the Soil Conservation Service in a soil srientisi 

. cooperating with the Experiment Statioti. 

2. Necessary changes hi' the- ‘tProcedure for. Soils Inspection 
and Correlation.” . 

3. Necessary changes in the present threewvay oicriKinindutn 
of understanding. 

4. ProAHsion of additional funds for the Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering in the next budget 

. estimates to enable them: (i) to prepare for publication 
reports and maps for counties already surveyed as a means 
of releasing a great store of quickly available soil in format if:)n 
. badly needed' both immediately, and ’for post-war use; and 
(2) to cooperate more fully in the basic surveys. 

SUMMARY OF RECOM-MEN-DATIONS 

I. Since the development of soil classification and its interpreta- 
tion is based upon the .results of research, and since cvnit inning im- 
provement depends, .upon .research, the full authorit}" for the (itrec- 
tion of the technical features of the soil surve}' program as well as 
complete administrative : ■authority over . the techiiicxil pi^rsfuinel 
should be given 'to the research administrators in the various groups. 

2.. That the Soil Conservation Sc^rvice station a soil scientist with 
each: of' the State Agricultural Experi.m,eiit Stations whim.* the ved- 
lime of \York justifies and that he be recognized as the autlKiritative 
representative of the Soil Consenmtion Setwice on sur\"eys within 
that State. 

3. That a representative county or .other appropriate unit within 
an area having similar soils or farming systems be chosen first for a 
basic soil survey. That the basic soil information obtained in these 
surveys be used as a guide for fami planning in near by counties or 
areas until they can have a basic soil survey. 

4. That as soon as the work program can be reorganized under the 
plan of operation herein proposed, the Bureau of Plant Industry, 
Soils, and Agricultural Engineering and the Soil Conservation Ser- 
vice in consultation (1) re-examine the “Procedure for Soil Inspec- 
tion and Correlation” approved by the Secretary Novenibi^r 28, 
1942 and recommend whatever changes may be re(|uired to make the 
“Procedure” conform to the new basis of operation, and (2) deter- 
mine what if any changes are needed in the funds required to sup- 
port an adequate correlation and inspection program under the new 
plan, in anticipation of the next annual submission of estimates of 
the Department. 
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5, That fiiiias be provided the Bureau of Plant Industry, Soils, 
aiidi A|?ric'ulltira1 Engineering in their next budget to enable tliem 
to prciiurc ior |iu!:ilieation reports and maps for counties already sur- 
vexLKl Tliis will have an important war and post-war use. Also, addi- 
uvmil fuiids^sl'iouki be provided, in its budget to enable the Bureau 
of liclp (lisr'lia.rye its responsibilities more fully in conducting the 
soil siirx'cy pn >grain in the representative counties. 

6. Iluit consii'lcration be given to means of providing each agency 
will] siifricii:!it_tiinds to enable it to carry its full share of responsibil- 
ity in a long-tinie program of soil classification and inappitig. 

The Joint Committee on the National Soil Survey 
Representing the United States Department of Agriculture: 

Rotiert hi. Salter, Chief, Bureau of Plant Industipo Soils, and 

Agri cult 11 ni 1 E ngiiieeriiig. 

J. L. Boatniain Extension Division 

H. H. .Beiineti, Chief, Soil Conservation Service (M. L. Nichols 
aided i^)t H. H. Bennett in the preparation of this report) 

Representing the Land Grant College Association: 

W. H. PieiTC, .Iowa State College 

L. D. Ba\'(T, North Carolina Agricultural Experiment Station 
R. Bradtichi, Cornell University, Chairman 

Jaiiiiaiy 15 , 5i)45* 

(N. XL This report was approved by the Executive Committee 
of the Land Grant College Association and by the Secretary of 
Agrit'ullure. (fopics have been supplied the Directors of the Agri- 

iiiltimd Experiment Stations.) 

HOTEL ACCOMMOBATIOHS AT COLUMBUS 

T he committee in charge of arrangements for the meetings of the 
Aiiieric\an Society of Agronomy and the Soil Science Society of 
America to be held in Columbus, Ohio, February 26 to March i, 1946, 
has this to sav about hotel accommodations, ' ‘Several rumors have 
come to us that hotels in Columbus have refused reservations for the 
meetings. On clieeking with the hotels, we find there is no basis^for 
such rumors. The lowest priced single rooms at the Deshler-Wallick, 
the headquarters hotel, have been entirely reserved by agronomists 
and the reservations for the second-price group are coming in rapid- 
ly.”' ■" ■ ■ ■ ' ■ ■ ■ ■ . ; ' ■ ■ 

Hotels within four blocks of the Deshler-Wallick include the Fort 
Hayes, Chittenden, Southern Virginia, the Neil House, _ and the 
Seneca. Other hotels in Columbus include the Park, Norwich, Bliss, 
Jefferson, and Broad-Lincoln. 
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NEWS ITEMS ■ 

' ■ L T. Leonard, Bacteriologist of the . Division of Soil Micro- 
biology Iiivestigatioiis, U. S.,Dept. of Agriculture,, with, beadquartcrs 
at BeltSAuile, Md., has retired fiwi- active sevice. 

' Doctor. H. R. Albrecht has been ■ appointed Assistant Chief of 
the ' Department of ilgronomy, Purdue University, He came to 
Purdue in September 1944 after spending 8 years ^ at the Alabama 
Agricultural Experiment Station where he engaged in plant breeding 
work. 

_„A-.._ 

Doctor A, D. Ayers, Associate Chemist, U'. S, Regional Salinity 
Laboratory, Riverside, Calif., has returned to duty after serving for 
3 years at the California Institute of Technolog}" as a research assis- 
tant on a war research project for the 0 . S. R. D. Doctor Ayers will 
be located temporarily at the University of Missouri where he will 
work in the laboratory of Dr. C. E. Marshall, studying technics 
developed by Doctor Marshall dealing with the measuronient of 
membrane potentials for the determination of the activity of ea.tic>ns. 
Before returning to the Salinity Laboratory, he will pirfbably spend 
2 or 3 'months at the Plant Indus'trv^ Station at Beltsville, Md., with 
members of the Division of Soils, Fertilizers, and Irrigation. 

Doctor M. L. Jackson, Asvsistant vSoil Chemist in the Depart- 
ment of Soils at the University of Wisconsin, has accepted the povsi- 
tion of Soil Chemist at Purdue University. Dr. Jackson will worlc 
in the fields of soil chemistry and soil fertility in the Department of 
Agronomy. 

__A-_ 

Doctor T. B. Hutcheson, Head of the Department of x\gronomy, 
Virginia Polytechnic Institute, has been appointed Dean of the School 
of Agriculture, effective Januar^^ i, 1946. He will continue to cany the 
duties of the Head of the Department of Agronomy. 

. —A™ 

Doctor L. A. Richards, Senior Soil Physicist, has returned to 
duty at the U". S. Regional Salinity Laboratory at Riverside, Calif., 
after an absence of over 3 years, and will resume his investigations 
related to the movement and retention of water in saline .soils. While 
on leave, Doctor Richards seiwed as supervdsor of the land-aniphib- 
ious launcher group of the Office of Scientific Research and Develop- 
ment project at the California Institute of Technology. His group 
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was responsible for the development , of a number of rocket launchers 
used by the Navy, and Doctor Richards spent. 6 months in the South- 
west Pacific theater as technical observer and field consultant on the 

use of rockets. ' 

Richard Halligan has resigned as Assistant Agronomist., Vermont 
Agricultural Experiment Station and Project Supervisor, Research, 
Soil Conservation Service, to accept a position as research chemist 
witli Plax Corporation, a plastic firm in. Hartford, Conn. His former 
duties will be assumed about January i by Lt. Joseph B. Kelly, now 
on terminal leave from the Army Air Forces. 

Doctor Y. S. Tsiang recently has resigned his position as in- 
structor in the Division of Agronomy and Plant Genetics, Univer- 
sity of Minnesota, and soon will return to China to do corn improve- 
ment work for the Chinese national government. 

_„A__ 

H. H. Kramer, Associate Geneticist on guayule breeding research 
at Salinas, Calif., has been granted a leave of absence to continue 
his graduate studies at the University of Minnesota. 

_„A__ 

Doctor George S. Briggs has been appointed as an agent (as- 
sistant agronomist) in the Division of Tobacco, Medicinal, and Spec- 
ial Crops, Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, U. S. Dept, of Agriculture, and has been assigned to the Lancas- 
ter, Pa., laboratory. He wms formerly a chemist with the Radio Cor- 
poration of America. 

Professor A. R. Whitson, Emeritus Professor of Soils, University 
of Wisconsin, died suddenly in Madison, Wis., on November 20, 1945, 
at the age of 75 years. Professor AVhitson was a Charter Member and 
Fellow of the Society. He came to Wisconsin in 1900 to work with 
Professor F. H. King who left the following year to work on a special 
project in the Federal Bureau of Soils. Profcvssor Whitson was Chair- 
man of the Department from 1901 to 1939. and retired in 1941. He 
was one of the pioneers in soil science in this country. Aside from his 
long and distinguished teaching career in the soils field, he is best 
known for his early work on nitrates, phosphates, and soil acidity 
and liming, and his later work in connection with soil erosion and the 
Wisconsin Soil Survey, w^hich he directed from its inception in 1909 
until 1932. He was instrumental in organizing the American Soil 
Survey Association which later merged with the Soil Science Society 
of America. 
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Doctor R. W. Jugenheime-r feis been. named Associate Professor 
of Plant Genetics, Department ■ of Agronomy, Uiiiversiiy of Illinois, 
in charge of corn breeding. He was fontierly in charge of corn breed- 
mg, at : Kansas State. College, and more recently Director of Research 
of :Pfister Associated Growers, Inc., El Paso, 111. 

Agc"o,RDING'^ Science, Doctor Fimian E. Bear, Professor of 
Agricultural Clieinistrj^ at Rutgers University and Cliairniaii of the 
■Department 'of . Soils ..at the .New Jersey Agricultural Experiment 
Station, addressed the Plant Institute of Ohio State University on 
December lo on “Intensive iVgriculture in New Jersey, and Some 
Soil-Plant Problems Related Thereto.” He was also guest of honor 
at a dinner given by the Plant Institute. Doctor Bear was formerly 
Chairman of the Department of Soils at Ohio State University. 
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